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INTRODUCTION 


In Europe and in certain other foreign countries studies have been | 
made, extending over a period of years, relating to the winning of oil fran 
oil shale. More work has been done in these countries than in the United 
States, for the reason that a supply of natural petroleum has not been so 
generally available there as here. Information has been obtained relating 
to present practices in these foreign lands in the development of a shale- 
oil industry. It is realized that in the vast there has been very little 
inducement to invest capital in shale-oil enterprise in the United States 
because the supply of petroleum has been plentiful; however, the time 
bossibly is not far distant when the utilizetion of oil shale may be con- 
sidered a desirable and financially sound venture, as it may be necessary 
before long to augment our supply of oil with that recovered by processing 
Shale, 


The date presented herein portrays at least some of the thoughts of 
those engaged in obtaining oil from oil shale in Iurope, and they depict 
some of the results thus far obtained as weli as certain plans for further 
efforts to win oil from shale; it is hoped that those who undertake 
the development of a shale-treating industry in this country will find 
useful information in this report. 


Most of the oil shales of Europe (Estonian shales excepted) may be 
classed as low-grade when compared with the larger deposits in the United 
States; hence, any processes that prove feasible in Europe, employing such 
shales’ as raw material without tne protection of tariff or suber) should 
also be of interest here in the course oi time. 
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T6Ce WOrO 
SUMMARY 


in Evrope, where petroleum is not plentifully distributed or avail-. 
able, varticularly in Germany, France, and Estonia, efforts have been made 
in recent years to produce motor fuel and lubricating oil by a 
oil shale. te ; 


In France. and Germany the feeling among engineers and chemists working 
in this field is that Pumpherston retorts of the type used for many years 
in Scotland are. not well suited to the economic treatment of the oil shales 
ce continental iurope, and that. other means and methods might prove more 

Setisfactory.. sos oA -- 


In Germany, pricr to the war, little encouragenent was given to inves- 
tigators in this field. Apparently, it was assumed that the Rumanian oil 
supply and that which seemed to be accessible through the capture of the 
Caucesian fields would be ample. ter the Rumanian refineries had been 
pombed, and when the Caucasian supply was no longer available, an attempt 
was made to devclop the oil-shale deposits of ustonia. The Russians 
bombed the Estonian shale-oil plants in 1940 and 1941, but the Germans re- 
‘built them to their original capacity of 100,000 metric tons (110,20C. 
short tons) of oil per year and. planned to expand: this capacity to 
1,500,000 metric tons (1,655,000 short tons) per year. ‘The Russians took 
possession of these plants just a few days before they were to be put in- 
to operation. Subs cquently , a rteverish cffort was made to utilize the low- 
grade oil shale of Wurttenberg, Germany. Construction of a number of plents— 
for processing shale was ordered, and some were completed and in operation 
a fow months before the end of the European wer. 


the following developments and plants in continental Europe are cone 
Ssidcrea specifically in this report: 


1. PORTLAND CEMENT WORKS AT DOTTERNHAUSEN,, 
(PORTLANDZEMENTWERK, DOTTERNHAUSEN, NGAR BALINCEN, WURTTEMBERG) 


In this plant the oil shale was heat-treated in 2 Mcier-Grclman re- 
vort, in which steam superheated to 800° C, in a rucuyerator system was 
passed horizontally through a downward-moving mass of crushed shale; the 
evolved oil vapors and gases passcd out with the steam in the opposite 
Side of the retort. As the shale had a high lime content, yround residue 
could be used as hydraulic. lime, and some of it was marketed as such. The 
buliz of the Shale residue was mixed with limestone and coke, and the mix- 
ture was Sintered on a Dwight Lloyd Sinterband to produce a cement that 
was called Portland cement. 


Cre UNDERGRCUI WD CHALE - TREATING PLANT AT scHORZINGEN ‘ 
(ROHLE-CEL UNION Voli BUSSE KOMMANDITGUSELLSCHAFT, SCHCRZINGEN, WURTTEMBERG ) 


This plant heat-treatei shale in undergvound tunnels by internal com- 
pustion methods. The oii thus recovered was avpreciably less than was ob- 


tained by the laboratory Fischer-retort test. ‘the first tunnels made were 
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6.5 feet wide, 7.1 feet high, and 195 feet long. The shale roofs and 
parts of the walls were so proxen by explosive charges that there resulteal 
a group of tunnels filled with a porous mass of broken shale approximately 
195 feet long. Each of these tunnels was sealed at one end and a coke 
fire was kindled at the other end to ignite the shale within the tunnel. 
Suction was applied at the sealed end by an exhauster, » the intake of which 
waS connected by a pipe line to the sealed end cf the tunnels. The 
evolved gases and vapors were removed through the latter pipe; the heavy 
oil condensed and was drained from the system. 


3. MEILER SHALE-TREATING PLANTS, PYROLYSIS OF LARGE PILES AROVE: GROUND. 
(DEUTSCHE OELSCHIEFER FORSCHUNG GESELLSCHAFT, SCHOMBERG, ee 


This company operated a number of Plants in the Balinzen district. 
The operation was very similar to that formerly employed in cor ponta ine 
wood in large piles. The broken shale was piled in beds containing 1,500 
netric tons (1,650 short tons) on top of a series of spaced pipes having © 
slotted end sections; these pipes were connected tc a gas-collccting main, 
which led to an exhauster. Each bed was 9.76 feet deep, 42 fect wide, and 
130 feet long. A fire was kindled on the top of the pile, and the products 
of combustion and pyrolysis were removed as generated by the exhauster and 
caused to flow through a cooling system, from which the liquid products 
were rcmoved. Approximately 2-1/2 days were required for the heat wave to 
travel through the entire bed (for complete pyrolysis of the shale). The 
anount of oil recovered was said to be &O percent of that indicated by the 
Fischer assay test. ‘The type of equipment required in this operation is 
not complex, and the whole plant can be operated with ea minimum number of 
highly skilled persons. Of the total oil produced, 60 percent was col- 
lected from the gas-header drips and substantially all of the rest from 
Cottrell precipitators. | 


It was stated that oil could be produced at a cost (in Germany) of 227 
marks per short ton from shale yielding 5 percent oil by Fischer assay. 
That is equivalent to 36. = cents per U. S. gallon, allowing 40 cents as the 
equivalent of 1 mark. 


4+, PILOT-PLANT DEVELOPMENTS IN GERMANY 


Pilot-plant developments and experiments have been conducted in Ger- 
many by various investigators but reference is made here to'two develop- 
ments in particular, because they led to the construction of commercial- 
Size units, which were largely completed. One such unit, built at the 
plant of the Portlandzementwerk (Portland Cement Works ), “‘Dotternhausen, 
comprised a chamber for heating and circulating a liquid aluminum alloy 
with mcans for supplying crushed smail-size shale to the top of said cham- 
ber and for immersing it in the liquid alloy, and having provisions for 
scooping; or skimming off the shale residue and for separately discharging 
the stack gas and the products of pyrolysis. It was stated that the shale 
would be in contact with the metal 5 to 10 minutes, the mechanical and 
oxidation losses of the alloy would be very small, the yicld of oil would 
be high as compared with the Fischer assay test, and that the capacity 
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would be high with low labor costs, It has not been demonstrated that 
these results can be attained. 


Another plant, largely constructed, is based upon the use of the 
Schyeitzer retort, which employs the same principles of operation as the 
N. T. U. retort used many years ago in California. The crushed shale was 
to be charged into a cylindrical retort from the top to a depth of 16.5 
feet, and then the shale was to be ignited at the top and the products of 
combustion and pyrolysis withdrawn from tne bottom by an exhauster; some 
steam was to be used in the operation to control temperature in the shale 
bea. This is a batch process. The proposed cperation differed from that 
of the il, 1. U. process, in that in this case the retort was to be lifted 
from its base and dumped after each batch of shale was processed. The 
plant, which is almost completed, is at Frommern, Wurttemberg, and con- 
prises 25 retorts, which are said to be sufficient for treating 1,160 short 
tons of shale per day, yielding 38.5 to 44 short tons.of oil per day. The 
retort is 9.75 feet in diameter and 21 feet high and will hold 38 to 44 
short tons of shale. The anticipated oil yield is said to be 85 to 90 per- 
cent of the Fischer retort yield. | 


Oil has not been made from shale in Germany on a cost basis that could 
be considered econcmical in the United States under prevailing conditions. 


5, DEVELOPMENTS IN FRANCE 


In France, interest in oil-shale utilization has been manifest for 
many years, although commercial developments have been small. One plant, 
at Autun, is operating 3 batteries of Pumpherston-type retorts, 40 retorts 
in each battery. Although this plant nas been producing oil regulerly for 
some time, it is evident that the industry in France will expand along 
other lines than by the installation of Pumpherston retorts. The capacity 
of the retorts now in use at Autun is 7 metric tons (7.7 short tons) of 
Shale per day per retort, and the yield of vil is 85 percent of the Fischer 
assay. Developments in France have brought forth two distinctive types of 
retorts, which it is said heve given a good account of themselves in pilot- 
plant tests and which will be tested very soon on a commercial scale. These 
retorts or systems are known as (a) the Lantz retort, as developed at St. 
Hilaire, and (b) the Marecaux retort, developed at Lavernhe. 


The Lantz retort, shown diagrammatically in figure 7, has been oper- 
ated on a pilot-plant scale (& short tons per day) for a number of years, 
and one unit has been built which it is estimated will have a capacity for 
treating 500 metric tons (550 short tons) of shale per day. The process 
steps include the following: Czrushed shale, 1/2- to 2-inch size, is fed 
into the top of the retort and passes continuously downwardly discharging 
at the bottom. The retort prover is rectangular in cross section and has 
Side-wall louvres whereoy hot circulating gases can be and are passed con- 
tinuously through the shale bed horizontally - in through one side wall 
and out through the opposite wall. The circulating gas is preheated to 
500° C., in a separate furnece. ‘Ten percent of the circulating gas is with- 
drawn continuously for cil recovory. The upper portion of the retort, com~ 
prising a arying zone, is adapted to tne passage therethrough of waste hot 
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stack gases, which preheat the shale to be treated to 1509 C. Water is 
used Tor quenching the spent shale as discharged, and the steam generated 
passes into the gas-circulating system. The yield of oil is said to be 
100 percent.of that shown by the Fischer retort test; in pilot-plant oper- 
ations the yield was 1432 pounds of oil per short ton of shale treated. 


The Marecaux retort, shown diagrammatically in Pigure 9, treats 
crushed shale (1/8 to 1 inch) by passing it, with agitation, downward be- 
tween two vertical concentric cylinders, as an annular column, while heat 
is being epplied externally to the outer cylinder. Superheated steam at 
400° C. is introduced into the shale in process at numerous levels for the 
purpose of faciiitating pyroly3is. The inner cylinder has spiral-members 
on its outer surface and rotates slowly during processing, and sealing 
means are provided that prevent air from entering the retort. The yield 
of oil obtained in pilot-scale operation was 92 percent of the Fiscner 
assay, but there remained in the gas 5 percent of condensable vapors; 
hence, tne total yield of liquid products obtainable is about 100 percent 
of the Fischer assay. 


The Govermment of France is interested in promoting the shale- 
processing industry because cf e deficiency in tneir natural vetroleum re- 
Sources, and it appears that in the very near future commercial-size 
shale-processing plants will be in operation in France that will demon- 
strate the relative worth and applicability of various retorts and pro- 
cesses for treating the oil shales in France. ' 


6. DEVELCPMENTS IN ESTONIA 


In Estonia the bituminous shales yield, by heat treatment, as much as 
20 percent by weight of oil and readily condensable hydrocarbons, while 
the Estonian deposits were under German control an effort was made by Ger- 
man technologists to increase production of oil, aiming at 1,500,000 metric 
tons (1,653,000 short tons) of oil per year, and to refine the crude prod- 
ucts in the interest of the war effort. In the treatment of Estonian 
shale, chicfly two distinct and different types of retorts were used. One, 
known as the Kivioli tunnel oven, uscs hot circulating gases as a heating 
medium without the use of internal-combustion steps, thereby producing a 
vapor product without dilution by gascous products of combustiori. The gas 
evolved is insufficient to supply the heat rcequircments of the process.” 
The other is known as the Pintsch retort or Pintsch gencrator, in which 
Pyrolysis of the shale is accomplished by internal-hcating methods; the 
vapors evolved are diluted with gaseous products of combustion, but an ex- 
cess of gas ig produccd. ‘The tunnel oven is shown in figures 15,.16, and 
i7; the Pintsch retort is shown in figure 1l. Methods or refining and 
droperties of the products are shown in the section designated "Shale 
Developments in Estonia; flow diagrams and yields of products also are 
presented. The crude oils from the two different processes are not alike, 


The details as to plans for Estonian development and the steps taken 
vy the Germans were obtained from documents acquired in Germany. 
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PROCESSING OIL SHALE IN EURCPE 
GERMANY 


In Germany there are large denosits of oil shale, particularly in 
We rttemberg, but only in very recent years has that government been partic- 
ularly interested in the recovery of oil therefrom. Dependence was nut up- 
on the supply of oil from Rumanie and other sources near tc Germany early 
in the war, and later, it appears, the conquest of the Caucasian fields 
was envisioned as making availabie an additional supply. However, after 
the bombing of the Rumanian refineries, and the elimination of the Caucasian 
oil supply, the ofl shale of Estonia was looked upon as a major source of 
supply, The oil shale of Estonia yields, by heat treatment, approximately 
20 NERCenE by weight of oi1, The Russians bombed the Estonian shale-oil 
plants in 1940 and 1941, but the Germans not only rebuilt them to their 
original capacity of 100, O00 metric tons (110,200 short tons) of oil per 
year but had initiated plans to raise production to 1,500,000 metric tons 
(1,653,000 short tons) per year. The Russians took over these plants just 
before they were ready to be operated. 


In 1945, at the order of the Reich, the Deutsche Celschiefer Forschung 
Geselischaft was formed to study the possibilities of winning oil from 
Shale. A pilot plant was built at Schomberg near Balingen, Germany, to 
evaluate the various proposed processes for treating oil shale, the motive 
being to reduce the cost of producing oil. before any solution for the 
cconomic problem was found, it became necessary, with the loss oz Rumanian 
and Estonian supplics, to act and obtain oil as soon as possible from the 
oil shales of Wurttembers; this decision was reached early in 1944. Accord- 
ingly, orders were given fcr the erection of a number of plants in the 
Balingen district. Finances, the necessary materials of construction, and 
labor were cotained through government aid, The results of these effcrts 
and the anticipated results based upon pilot-plant operations follow. 


Ochweitzer Retort and Process 
a, Be ee ee en 


Altnough very little attention was given to the efforts of Dr. A. 
Schweitzer to develop a shale-treating process before the war, an order 
was given subsequently for the erection, by Lias Velschiefer Forschung 
G.msb.H.,'at Frommern, Wurttemberg, of a plant containing 2&6 Schweitzer 
retorts, This plant, which was largely completed, was rated to treat 1,100 
short tons-of shale and produce 38.5 to 44 short tons of oil per day. The 
plans contemplated subsequent expansion of the daily canacity to 2,200 
short tons of shale, The inventor believed that the operation would be 
economical wnen the latter capacity wes reached. Although this plant was 
never operated, estimated onerating; results were given based upon pilot- 
plant operation and upon experiments conducted by Dr. Schweitzer at 
Metzingen. 


The retort, as snown in figure 1, is an open-top cylinder free of in- 
sulation or lining, 9.75 feet in diameter and 21.5 feet high, which rests 
in a water-seal steel base sunpnortcd on a concrete foundation. A steel 
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grid is permanently fixed within the cylinder about 2.5 feet above the bot- 
tom and functions as a grate. A drain is supplied to carry away liquid 
condensate from the base of the retort, and a gas offtake is provided for 
removing gases from beneath the shale bed. This retort, when filled with 
broken shale to a depth of 16.4 feet above the grid, will hold about 36 to 
4h short tons. An exhauster is connected in the system to remove the gas 
from the retorts. There are two: of these, each with a capacity of about 
1,060,000 cubic feet per hour, one being a stardby. 


In the operation of the Schweitzer retort, crushed shale, preferably 
15 to 50 mm. size (0.6 inch to 2 inches), is charged into the open top to 
a depth of about 16.4 feet after first putting a layer of coarse shale in 
the retort to cover the grid. Suitable kindling end some coke are then 
charged on top of the shale and ignited. By means of the exhauster, re- 
duced pressure (subatmospheric pressure) is maintained in the retort, and 
the gases and vapors formed by combustion and pyrolysis are thus caused to 
pass down through the shale bed and out at the bottom of the retort. In 
this procedure a heat wave gradually passes down through the shale bed, 
whereby the shale oil and gases of pyrolysis are first- expelled in the 
front portion of the wave, and the residue carbon is burned in the rear 
portion. Jt will be seen that ‘in ‘operating in this manner substantially 
all of the carbon residue in the shale would be burned if sufficient air 
were introduced, and the temperature finally attained would depend chiefly 
on the amount. of. guch ‘carbon remaining in the shale after’the pyrolysis 
reactions had occurred. However, it was believed, in building these re- 
torts, that with. the shale available in the Balingen district the tcmpera- 
ture in the bed would. not rise to prohibitive heights; the moisture occur- 
ring naturally in the shale prevents the existence of excessively high 
- temperatures in the zone of pyrolysis, i.e., in the front portion of the 
heat wave. 


The "pull" by the exhausters is regvlated so that the rate of travel 
of the heat wave down through the bed is approximately 20 cm. (7.9 inches) 
per hour. Under these conditions the negative pressure at the base of the 
generator will vary, it -is said, from about -40 m. at the beginning of 
the operation to about -80 mm. at the end, equivalent to -1.6 to -3.2 
inches on a water manometer. ‘Thesé figures refer to pressure below 1 at- 
mosphere and not to absolute pressures; they were estimated by the inventor 
for shale varying in size from 0 to 300 mm. (about 1 to 12 inches). Actu- 
elly, in treating 0.6- to 2-inch shale at the specified. rate, a greater 
negative pressure probably will be required. 


No lining is provided in the Schweitzer retort: because pilot tests 
indicated it was not necessary.’ The hot zone-is:‘not very thick, and the 
iron jacket (wall), being a good conductor, is expected to Gonduce and 
radiate heat from the hot zone at eoee a ‘rate ae overheating will not 
occur. es 


In the commercial-size unit, eer tien is made for removing the conden- 
sate that collects in the botton of the retort: separate from the vapors 
and gas, which are also removed from the bottom. Provision is made whereby 
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the effluent gas stream will pass through coolers, condensers, and Cottrell 
eieccrostatic precipitators, end finally through an oil scrubber for re- 
moval of vapors: of low-boiling liquid hydrocarbons. 


After "distillation" is completed, the retort is-to be lifted off its 
base by a traveling ‘crane and removed to the residue receiving room, where 
it will be. inverted and the snent shale dumpea into a hopper connected to 
a crusher for breaking the residue lumps. A conveyor system ‘is PROV Or 
to take the crushed residue to a dump pile. | 


it is anticipated that most cf the oil will collect in the Cottrell 
precipvitators, oe will flow through a water-oil separator 
steam-heated to 60° to 70° C., from which the oil will discharge into set- 
tlers. It was expected that the oil and water would separate and there 
would be no trouble from formation of emulsion. 


Based upon. the pilot-plant experiments, the results anticinated in 
the operation of the full-size plant were as follows: 


Anticipated Results and Operating Conditions 


Number of retorts OPCTAtINg..ererecscecssecverscsccacecscvcrscces 26 
Shale treated per day of 24 hours, metric tons (1,102 short tons ) ~ 1,000 
Size of shale charged, percent: | 

Q to 3 mm. (0 to about L/Beinch).sscecececcssucceccecesceees 8 to 10 
3 to 300 mm, (about 1/- to L2-ANChES oe serererecececeroeens 90 to 92 
‘Temperatures, ~C.: 


In coribustion BONG Cia i ccsral beads wicia, bale his aielea emt awa acaenwancace 1,200 

In "distillation" zone (zone of DyrOlySisS)..cececccscccccces 450 

In a zone 60 cm. (23.6 inches) below the "distillation" zone 60 
Rate of downward travel of the hot zone, inches per hour..ee.eees | 769 


Negative pressure below grids at base of generator,inches of 
water below atmospneric: 


At the. beginning of DROCCES (NG vied ne siedcumeocwecemeebautnene -1.6 
At-the end. of “distil lletion” periods .é6 64ssu se seee ses ewww see -3.2 
Residue yield, spent shale, percenterscecccoccesccsscerccccsesses - So 


Oil yield, percent of Fischer assay, including benzine from 
PEO eE 5 (5 osc ese eaed od eens ee ou ecooe neers 85 to 90 
Gas production per short ton of shale treated, cu. ft.cecceccveee 14,300 


Com osition of s jlot-plant results 


| Percent by volume 
COs cvecerevccesercccsesecescos 2 eV. 


HoSscccccccccesccercsccsccsccse 
LlluminantsS ..cccccecccecccecvce 


’ WO pico a e ehats sy eae eis ead ae eiaie SaaS 


Ode ccccsecccvccccrvcerevccerece 


DPeeesererssenesevssesneeoegnsenos 


COIN VWUIN WOU N C 


CH scccccccccesesececvsccccoces 


ON 
OFO hr On F 


Nocccerccevevccssesccccpecesece 


10 
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Calculated heating value of the gas, high value at 60° F. and 
30 inches Hg., Saturated, B.t.u. per Cu. Lt. cocccccccccsccccccecsccves DD 


Composition of the shale residue 


| . - Percent by weicht 
SLOdcccccvcscccccccccvccsccesccscsces oie 6) 


BODO ze ce secererescoccsccsscescccecees Te10 
ALOOZ sa cerecsccrccvccerssscccveceseves 12.00 
CaO bie ack aid) ote awa leiueessevots ee ee emeeas 27.00 
NBO sig aie te Cue aioe oe obo bie ork ee ee ew are teas 2.05 
Sulfur (as S03). ceeseccnccccccccccees 4.30 
oP eee ee re ee ee ree ee 050 
CAI Olives sisee cecal w ala eo 6s ew oo a ees 4 alee 2.50 
Miscellaneous undetermined (difference) 7.35 

100.00 


Investment costs 
The cost of construction given to the aathors by the inventor follows: 


Total capital investment for a 28-retort plant is 6,500,000 Reichs- 
marks, equivalent (at 40 cents equal to 1 mark) to $2,600,000. This is 
equal. to $2,600 per metric ton of shale per day capacity, or to a 360 per 

short ton. of shale per day. 


On the basis of 56 retorts, or a plant for treating 2,204 short tons 
of shale per day, the estimated costs are said to be 9,000,000 Reichsmarks, 
or $5,600,000, which is equivalent to $1.633 per short ton per day capa- 
city for treating shale. It is known that prisoner labor was used in Ger- 
many to a considerable extent, and, therefore, one should not rely too much 
on the accuracy of these cost estimates. 


Remarks 


Man}, respects tne Schweitzer retort is similar to the N. T. U. re- 
tort, but differs in that it is open to the atmosphere at the top, has a 
water seal at the bottom, and a grid or grate that is permanently attached 
to the generator in a fixed position. The N. T. U. retort discnarges the 
spent shale from the bottom (the bottom portion of that retort is removable), 
has a closed top, is adapted for controlled recirculation of gases, and is 
usually lined with refractory materiel, whereas the Schweitzer retort is 
supposed to work satisfactorily without a lining. It would seem that if 
tne one can be used unlined, the other could, also, for operating condi- 
tions are substantially the same. The results obtained in treating a given 
crushed shale in the Schweitzer retort should not differ appreciably from 


4/ Gavin, M. J., and Desmond, J. S., Construction and Operation of the 
Bureau of Mines Experimental Oil-Shale Plant, 1925-1927: Bureau of 
Mines Bull. 315, 1930, pp. 63-77. 
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thoce obtained with the N. 1. U. retort, and it is propable that better 
tenperature control can be obtained with the N. T. U. ain either case, 
important factors bearing on the vield of oil and retort capacity include 
the range in sizé of the shale pieces treated, ash-softening temperature, 
end caking temperature. Dust and very fine shale should not be included 
in the retort charge; neither should large shale be used. The temperature 
in the mass should not rise above the esh-softening temperatures": Provi- 
sion could readily be made whereby a controlled amount of steam (a defi- 
nite amount relative to the air drawn into the shale process) would be sup- 
plied to the retort, thus offering a means of regulating temperatures and 
preventing overheating of the shale residue in tne retort. 


Portland Cement Works at Dotternhausen 


The Portlandzementwerk, .Dotternhausen, near Belingen, Wurttemberg, has 
been in operation for a number of years. Work on this plant wes initiated 
in 1956 vor the production of Portland cement from oil shale. For various 
reasons the plant was not completed until 1941, and it did not initially 
include the shale-treating retorts that are now a part of it. These re- 
torts were under construction in 1942 but were not put into operation until 
1944, The daily capacity of this plant as operated in 1944 and carly 1945 
Was: | 


Metric tons Short tons 
COMONG sus: 0 eve aia Ss016-6 warerew ors 6010s os os a1 Sara SS 430 430 
Hydraulic lime (so-called). .ccccccccecece 100 110 
shale: oll (mieximun) 2 cGccucteseweneswaeee: 10 ba 


the installation for winning oil from the shale comprised a battery 
of eight Meier-Grolman retorts (sometimes called Ctto retorts, because 
they were built by the firm of C. Otto, Bochum). These retorts had a rated 
capacity of 66 short tons throughput of shale daily per retort, but actu- 
ally onl; 44 to 55 tons were processed per retort, and only some of the 
retorts were in operation at any one time in 1944 and in the first few 
months of 1945, 


Description of the Plani 


For limestcne: 
A-limestone mine (open-cut) with steam shovel. 
Hammer-mill Lreaker. 
Conveyors. 
Raw-material silo. 

For shale and cement: 
vteam shovel for winning shale. 
Open-pit mine on the property. 
Breaker. 
Classifier (sieves). 
Storage for crushed shale. 
Mill for limestone and shale residue. 
Silo for the mixture. 
Mixing ball mill for cement. 
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Belt for sintering the cement mix. 
Vibrating sieve that separates the treated, sintered material 
into vortions according to size. | 
Room for storage of sintered materials. 
A mill mixer for the final cement mixture. 
Cement packing roon. | 
Gas, oil, and retorting equipment: 
Shale-crushing equipment. 
Conveyors. 
8 Meier-Grolman retorts, maximum rated capacity of each 60 
metric tons (66 short tons) shale per day. 
Steam-generating plant. 4 
Exhausters and gas-pumping equipment (water pumps). 
Gas producers, - 
Condensers and coolers and dry scrubber for recovering oil. 
Oil-storage reservoirs, etc. | | 


Tne retorts proper are 600 mm. wide, 2,400 mm. long, and 7,600 m. 
high (approximately 2 by 8 by 25 feet), Each retort is built as a part of 
a camplicated fire-brick structure with many flues that function to heat 
steam from 400° to 80049 C. by recuperative methods; the flues are heated 
by burning producer gas therein. 


Process 
The process is comprised of a number of separate steps, as follows: 


1. Mining the shale, conveying it to crushers preparatory to retort- 
ing, and screening the crushed shale. 


2, The crushed shale, 5 to 35 mm. size’(3/16 to 1-3/8 inches), is 
fed into the retorts at the top until they are full. Then steam is passed 
through the recuperators, where it is heated to 800° C., and on through 
the confined shale, horizontally throvgh louvres, into a gas-collecting 
Chamber on the opposite side, from which gas and vapors are withdrawn. Gas 
from the process, after removal of the oil, is burned in the recuperative 
System for the purpose of superheating the steam. The shale is supplied 
to the retort through an upper hopper and is removed from the bottom sub- 
Stantially continuously. The steam supplied is the exhaust from a steam 
turbine that is heated to 400° C. in a neat exchanger before entcring the 
recupcrators, This heat is supplied by the stack gases, which are caused 
to pass through the exchanger. The stack gases leaving the exchanger pas 
through the upper pertion of shale.(incoming raw. shale) supplied to the re- 
tort, heating it to-about 200°.C., thus drying it. Figure 2 is a diagram 
Showing the flow of -fluids in the operation of the Meier-Grolman retort. 


de The shale gas and oil: vapors pass out of the retorts at the bot- 
tom, or rather, adjacent to the bottom thereof, and then through a cooling 
System, wherein the. heavy vapors first condense and then, at a lower tem- 
perature, the hydrocarbons Of leSser mclecular weights are condensed and 
recovered separately from the heavy oil. The heavy product is called 
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Djckol (thick oil) and the lighter or lower-density product is mown as 
Dunol (thin oil). Of the total condensate, two-thirds are thin oil and 
one-third is thick oil or tar. 


4. The spent shale is used with limestone in the production of Port— 
land cement. ‘aual proportions of crushed snale residue and ground lime- 
stone are mixed with coke and a small amount of water, and the mixture is 
sintered on a slowly moving continuous-belt device (a Swight Lloyd Sinter- 
band), on which the coke of the mixture is burned, raising the temperature 
of the mass to that necessary for sintering - 1,350° to 1,400° C. To this 
mixture an additional 10 to 15 percent of coke or coal and a‘small amount 
of water are added; the mixture is then conveyed to and over the sintering 
belt at such a speed that it is heated to 1,350° to 1,400° C. in half an 
hour. Suction is applied to the under side of the belt, and air is drawn 
through the mass, wnich is first ignited undor an ignition hood. Combus- 
tion of the fuel in the mixture causes the sintering. The sintered mater- 
ial is stored for about 10 days and is then ground and admixod with finely 
ground shale residue for cement. Thus, 250 metric tons (275 short tons) 
of the sintered product are mixod with 20 to 30 percent of residue from 
shale, and this mixture is ground, yielding 300 to 325 metric tons (330 to 
358 short tons) of cement per day. In the mixing of the residue (coke and 
water), pellets form, which are desirable feed stoclz:-for the Sinterband. 
Producer gns in the emount of 75,000 cubic feet per hour is used for start— 
ing combustion and. initicting sintering of tie pellets. An additional 
34,000 cubic feet per hour of this gas is used at the mixing mill. (Mixing 
mill is shown at 12 in fig. 3.) 


Shale Used 


The full depth of shale (328 feet) is querried immediately adjacent 
the plant; to which it is transported by rail. The shale passes first 
through a Krupp hammer-breaker, 90-horsepower, from which it is conveyed 
on a belt to a final crusher (Simon 65-horsepower). It then is screened, 
and the 3/16- to 1-3/8-inch sizes are delivered to bins that feed the 
shale retorts. 


Composition of shale end_shele products 


Row shele from Dottcrnhausen, oil-free desis (results as reported): 


Percent by woight 
Sido eceeceoreoeee ee erenersresesrcsee eereceerce 33-6 1 


0) Sa ing | 6.18 
41303 si zendi xc 165@) SO Wieovele SWS 6 Sw Re Bienes a ees 9.50 
ae eeoeecererce Coe rece r se ees enene ewee 59.55 
ligl0z . ae Sere eee ee ee 2.81 
S03 ee ee ee ee ee eee ee ee 20 
S cree ee ee re ee a ee ee ee eer ee el 
TIE: 
Vater and undetermined (difforencc)... 5.12 
100.00 
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(Sieve) 
Conveyor 7. 
aaa bo 


Raw Materials Silos Ground 


Shale 
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FIG. 3. DIAGRAMMATIC FLOW-CHART OF THE DOTTERNHAUSEN 
SHALE—TREATING AND CEMENT PLANT. 
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A sample of “residue from shale distillation, but byes ty not from 
the above ame gave the folios vegults:. . 


7 . ae Percent by weight 
S10 Ds corer ccrsencrecccrctaccccresenee | aaa O06 


¢) 

Fe50 CHOCOCCH CHS CH COE OS OSCE LOHR EOC EOS EOSESO --648 
a es ‘14.6 
CAD cs cccccvvccccrerccsevecegreseceves : [2 2930 
MoO aie covevestavoraiacaers wie bisa ewe 6 sie wees Sin oank eeU 
Nea0ecccccvesevcccrccesvvevecscccces Cee 
SOD eccccccsccvcccccccccescsecssscccee 48 
99.4 


The shale as mined commonly contains 4 to 5 percent HoO and 4.5 per- 
cent of bitumen, of which latter 3.5 percent (percent of the shale) is re- 
covered as total oil, equivalent to 70 pounds per short tons of shale, 
which amounts to approximately 8.5 U. S. gallons per short ton. | Sample 
analyses of the shale oils showed the Foliowing: 


Thick oil (heavy oil or tar) 
T “Oct. 31, 1944 | Nov. 7, 16 


| Percent Percent 

Ke.. | Pounds | by wt. by wt. 
Distillation: 7 - ‘ ‘ . 
Light: Ollsiisssdees ereeee | 25,2501. 4,695 144 16.67 
Middle OLl..seecscceccceee | 4,275! 9,422] 29.02 24.73 
Pitch reBldne....stecocces 8,057 | mea edl . 54.70 57.20 
LOSt os eeeencsecveacccccess 268 | 1.62 1.40 


“Total daily make...eees:} 14,730! 32, tee 100,0C{ 100.00 
Specific exavity at 20° Oeics t ace aa 0.991 
Flash ‘point, perdiat O° G.cssesescsecsssees nee | 115 


_ Viscosity (Engter ) ‘at 20° CieGi ck 6 wee eeeeaces 


Engler distillation: | 
‘Temperature, °C. 158 200 250 300 430 
Initial 
eee one off-by volume drop 7-0 31. O 59.0 fi. O 
Hare aophalt, percent, by VOUS oiisinneesenwaenere sss 0.48 


Sulfur, percent by. uel euty ect senecesyseeconeausuiee 4.10 
Viscosity (Engler) at 20° Coreccncsevesvccccrerereres 2.18 


- * @ @ « 


od 


Specific “‘Bravity at 20° Cou censnecsacartaqeeseeetens 0.92 


Séncea ting poi nt (eon point), oe ee ee ~21 
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Composition of the gas evolved by retorting shale 


rercent by volume 
Average _Range 


COD sis m S:65we-e oleate was ae esee eee 29.0 (28.429 .8 
WO NeieGiS\erne Sa eeue wee eeewe ese Sew, 34-3.6 
TA uminsent5s.24s ses twee e00% - g.% .. ae tor) : 
OS 555.605 bs Oa wie Kea ee ewe ‘ 2.4 : 2-0-2.5 
CO. aie os 6 0b sea eo ew eewas oe 2.90, ~~, 21.8"2.5 
TD Gogo Sie aie eres 6 Sake Ob Oe eee 16,4 _15.6-17 4 
CHy so cccccceccscccccceccweses . . 1,2. 1,1-1.4 
Newest teeweseteselecetween eee o3 . 4h, ~43.5-45.7 
| 1.00.0 


Calculated high heating value, dry gas at 0° C. and 760 mm, = 1,022 Ke.cal/w 


Calculated high heating value, saturated gas at 60° F. and 30 in. Hg. = 
: 107 B.t ou. /cu.ft. 


It is noted that this gas sometimes has a low heating value and can 
not be burned readily without preheating, preferably to a temperature of 
200° C, or more. It is noted further that the gas contains 44.7 percent 
of Noy which may be accounted for by the fact that air, proauce gas, and 
Stack gas are drawn into the retorv. 


Reported. data for the prance ion of. shale oil during a particular day 


Throughput per oven per 2h hourS..eeeee. 46 metric tons (50.6 short tone), 
Throughput per hour, total...seccccceee 9eOl netric tons (10.6 short tons). 
Throughput per 24 hours, total...cscccscsesecescvessess £30.00 metric tons 
Throughput per 24 hours, totalsesscccccecesccscesccssoee Co# 12 short tons 
Steam to retorts, kg. ner kg. shale (pound per pound)........ 0.68 to 0.77 
Steam to retorts, kg. per metric ton of Shale...cecccecerecceee 600 to 770 
Steam to retorts, pounds per short ton of shale.......s.e5. 1,560 to 1,540 
Gas. tiade,. Nm Per NOU sss25scies oe oes te eiGs seb 6ss seeders tasSaeeelyeaw. sey (ON 
Gas made, cubic feeta/ BPEL NOUS. corcevccccccccresevccesssscceseene 103,400 
Gas made, Nm? per hour per metric ton of Shale..peprccceccsececocscces CGH 
Gas made, cubic feeta/ per short ton of shales.scccpececceccccecoecss 9,764 
Low heating value of gas, kg.cal. NM ie seicisies SHAG AeA eee aoe ee eas 957 
Low heating value of gas, kg.cal./kg. ShaAle.ccceosceccccccsesercveegee Cfo 
Low heating value of gas, B.t.u. per pound of Shale.....ccccccsecveces 4IO 
Generator gas used Va Micra pas)o Ni Per Nour: ian ss owes ese ae vey eee: COL 
Generator gas used®/ (producer eae. cubic feet per hour..eescepeee 25,800 
(For the heating of ifle ovens, there is used 120 Nm?/hr. included 
here, or 4,540. cubic feet.&/) , 
ow calorific welue. of producer gas, kg. cal. /Nm...ssescecccevsvese 1,082 
Low caiorific value of produces gas, B.t. pA eee cee en cee eee: 115 
Producer gas added, kg.cal./kg. Of Siale.scccccccccesceccesssovereceees JO 
Producer gas added, B.t.u. per pourtd of Shale. ssecccoscccccccccccsesees JO 
Underfiring or retorts, kg.cal./kg. of shale, including about 

100 kg.cal./kg. of shale through gasification with Oo (air) in 

the TOTOLE ccc reson er ene mars as eeee serene eres nese mepy eae ss eseeerePD 5325 
Or Bvtcuy Der POUNl se cctgadeces obes oo neewews Ses ne tees ee amasewinees, DOL 


60° ¥., 350 inches Hg., saturated with water. 
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Mean temperature in the retort flues, in operation, °C......cecees 1,129 
Temperature of &as leaving flues, TO ra ni ahisa. sare ug wie eee Meets 240 to 250 


Shale gas composition: 


Percent by volume 


COdcerecosececncesccvvccves 28.7 
eiocrry eee ee ee ee ee 3.4 
A LUMA AT Se: oswie6ie' Sis sw senece of 
teerrere er eee ee eee ee 2.5 
CO evi wiescigree ews Whew eer eas ee 
HD greene eins aieceie-oie en & Wiese oe eee 16.4 
CH c50.s ewes dGieceusioetoaee erste outs 1.4 
Dl eae eho a aero aueiece Uleleawea nes ; Lh 6 


Tar in shale (Fischer assay), percent..ccccecccceccccccccececccececs HHS 
Total throughput, January 1 to June 30, 1944; 


Metric ee of Bie lSataioenn cae ceuesueecniiees 38, 884 
Short tons of PIGT Pec weimiitn mene isn netaneiatess 42 , 050 


Total tar (total oils) recovered, percent of the shale.......ceeee02 3.47 
Total tar (total oils) recovered, percent of Fischer assay......eee0 78e4 


The yield of shale residue igs approximately &0 percent of the weight 
of the initially mined shale. 


It was stated that the retorting; plant required 20 men per shift, or 
60 men per day. This does not include the other labor necessary to plgnt 
operation. | 


The major items of the foregoing results, presented somewhat summarily 
but only in units standard in the United States, per short tons of shale, 
are aS follows: 


Shale used, 1U. S. short ton (retorted) poundS,...esersocccecseses 2,000 
Producer gas used (115 B.t.u. per cubic foot, saturated at 60° F. 
end: 50. incenés He.) Cubic Teet.cisccecauws seeds casiaseeereseseseue (2,490 
Steam to retorts (this is generated at 32 atmospheres pressure), 
DOUG 8 fog pedro. a is)-bia Gb eharGrblare- Sw Wsaaeee ako eee We ab kW RW RSS L , 200-1, SLO 
Shale residue, LOUIE prrchgekssidivnsbeneyrirnrakeneniienteneenh ies 1,600 
Oil recovered (69.4 pounds), U. S. gallons...cscccevvccccccccvvecses 8,83 
shale gas produced, 2/ cubic festive: sick vavscnd sa sees eae yuusrewnees- “9, 7C4 
Calculated heating value of shale gas,@/ B.t.u./cu. Ltevecesevecsres 109 
Tae total oil comorised: 3 
Heavy oil, one-third percent asphalt.ccccscccccccscssccceseres DLO 
Light oil, two-thirds, percent asphalt...scescccccesscsecccces 1.0 
The mean specific gravity of the total O11 waS...ccersccseccsevecese O.Gh 
which is equivalent to pounds VGN peatatwcoudcsanew eles wwlews....1 60 10 
Fe, 30 inches Hg., saturated wlth water. 
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Because of the lack of cooling water ana the high sulfur content ofr 
the Shale gas, no atterpt was made to recover the motor spirits left in the 
fas, which amounted to >., neunds ver short ton or snale. 


All of the shale ¢a3 made was used in firing the retorts. It is stated 
that when all of the retorts are in full operation there is enovgh shale 
gas to operate them, out when some of the retorts are idle and it is neces- 
sary to hold the idle retorts at an eLevated tomperature, extra gas (pro- 
ducer gas) is used. The producer gas was optained from coxe. 


Although the retorts are said to have a rated capacity of 66 short 
tons per day, cnly 44 to 55 tons were put through each retort deily. 


ficure > snows diagrammatically the flow of materials through the 
plant. Because sizing was considered important in the various operations, 
the different sizes are vresented in the figure in the metric units actu- 
ally enployed, although approximete equivalents in U. 5S. standard units 
are given in the text. The operations (referring to fig. 3) are as follows: 


The shale mined on the premises by steam-shovel methods is conducted 
directly to the hammer-mill breaker, 6, wheve it is crusned; it passes 
then to a screen classifier, 7, in which the 0 to 5mm. (0- to 3/l6-inch) 
shale ig separated trom the 5 to 45 mm. (3/16- to 1-3/8 inch) size. The 
latter is conveyed to a storage reservcir, 8, from which it is fed into 
carvonizer G-A. The finer shale (0- to 3/16-inch) passes from classifier 
{ to raw-materials silos 4. Limestone, separately mined, is similarly 
crushed in breaker 2 and is conveyed by conveyor 3 to reservoir 4. Equal 
weights of the shale residue and crushed limestone are conveyed to mill 9 
with the fine shale from 7. The milled product from 9 pesses to a storage 
reservoir, 10, for the finely ground mixture. The mixture from 19 is con- 
veyed to mixer 12, wherein 15 percent water is added and 10 to 15 percent 
of Steinkohlekoxsgrus (small-size ccoxe) also is added, the mixtvre forming 
pellets or granules, which are led to Sinterband 15, whsre combustion of 
the carbonaceous matter occurs at such a rate thace the mass is heated to 
1,35P to 1,400° C. in the course o: 30 minutes, the duration of its travel 
on the band. The speed of travel of the Sinterband is 1 meter (39.4 
inches) per hour. Producer gas is used to ignite and initiate combustion | 
of the carbonaceous matter. Suction applied to the under side of the band 
causes air to travel through the bed of granules at a desired vete, the 
depth of material being about 8 to 10 inches. The product from the Sinter- 
band is divided into three portions by means of vibrating sieve 14. The 
porsion 0 to 5 mm. (C to 3/16 inch) in size is returned to the ball mill, 
12, to be mixed into the granule mixture; the portion 5 to J m. (371626 
5/15 inch) in size is added to the mixture conveyed to the Sinverband, 
whereas the remainder, 8 mm. (5/16 inch) and larger, is conducted to the 
clinker storage bin, 1), where it is aged 8 to 10 days. After the aging, 
the clinker is conveyed rrem 15 to 16, where it is mixed with an additional 
amount of shale residue from 15-A, and the mixture is ground to such fine- 
ness that 90 to 9c percent passes a 180-mesh sieve. The capacity is 18 to 
20 tons per hour; the mixture thus ground comprises 70 to 80 percent of 
aged clinker and 30 to 20 percent of shale-residue. From mill 16 the 
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cement is conveyed to packing house 18, where it is packaged; the capacity 
of the packing machine is 600 sacks Per’ hour. A reservoir, 17, is provided 
for the ground cement. 


When the cement plant is operated as described, the cost of producing 
cement is said to be 16.70 Reichsmarks per ton; this is an average for l 
year. With a 40-cent mark, the average is $6.06 per short ton of cement. 
The foregoing operating data and costs were. given to the authors by respon- 
sible engineers at the plant. However, it is known that 500 slave workers 
were employed at this plant in addition to regular personnel, although op- 
erating labor is said to have been distributed as follows: © 

Men 
For operating carbonizing plant, (20 per shift).. 60 
For operating remainder of plant..c.ccccccccesss C(O 
Total for whole plant and mine per daye.cccvreese 3350 


The actual mining operation in the open-cut mine is said to require 
{ men per shift or 21 men per day. 


The fuel and power requirements oi the cement plant only are as | 
follows: 


Total power per metric ton of cement is 95 kw.-hrs., including packing, this 
is equivalent to 56.2 kw.-hrs. per short ton of cement produced. 


Fuel used to produce 357.5 short tons of cement per day is 55 short tons’ of 
coke of 9,360 B.t.u./lb. and 16.5 short tons of large Grudekoks (braunkohle 
char). Per short ton of cement, the quantities of fuel consumed are 308.0 
pounds of coke and 92.4 pounds of large Grudckoks. 


Strangely enough, no strength tests (briquet-breaking tests) were 
available, and apparently few, if any, were made. The cement was definite- 
ly satisfactory for use in constructing autobahn roads in Germany and for 
general building purposes; it is said to have the same tensile strength as 
good Portland cement. The authors of this paper believe that although the 
cement thus made is a useful product, proper allowance must be made, in 
preparing concrete mixtures, for the inert material initially present in 
the cement. 


Hydraulic lime 


The ground-shale | residue is itself used as hydraulic lime. The lime 
content of the shale can be varied over an appreciable range because there 
are a number of 6- to &S-inch seams of limestone in the shale deposit. Al- 
though not stated. in the interviews, it seems probable that high-lime shale 
is selected when hydraulic lime is made. The lime thus made is said to be 
excellent for plaster and agricultural uses. Because of the chemical com- 
position, more of such lime would be required, when used for agricultural 
purposes, than a good-quality burned lime. 
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The canacity for making hydraulic lime is, of course, the output of 
Shaie residue, but if the residue were all used as lime there would be no 
cement. Clearly it is not economical to sell hydraulic lime unless there 
is an excess of cement on. hand or unless all of the & Meier-Grolman ovens 
are used for the pyrolysis of shale. 


The cost or producing hydraulic lime is seid to be 10 Reichsmarks per 
metric ton, or $3.63 per short ton, on the basis 40 cents equal one mark. 


Power required for making hydraulic lime is 51.7 kw.-hr., per ae 
ton. 


Value of Liquid Fuel necovered and Costs 


A fixed price has been established by the Reich whereby a central bu- 
reau pays ¥S0 (200 marks) per short ton for oil. However, when oil is sold 
directly to the farmer, who uses it in Bulldog tractors, the price is $112.40. 
At $80 per short ton of oil, the maximum credit used in computing returns 
is; 


Ho0 x Oe stl $2.78 per short ton of shale treated, the oil yield 
being 5.47 percert. 


it is reported that when four or five Meier-Grolman retorts are op- 
erated, 241 short tons of oil is produced per month at a cost of $114 per 
ton. At this rate, approximately 5,600 short tons of residue useful in 
making cement is produced monthly. However, when 7 ovens are operated con- 
tinuously, 363 short tons of oil and 8,800 tons of shale residue for use 
in making cement are produced monthly. . The amount of electric current used 
per short ton of oil produced on this basis is said to be 590 kw. -hr: 


Comments 


Although the Meier-Grolman retorts were designed for distilling shale 
with superheated steam, it appears thet the capacity was low when stcam 
alone was used end that some internal combustion was practiced. The gas 
contains roughly 4) percent ‘of nivrogen, wnich shows that for every 1,000 
cubic fect of gas made 569 cubic feet of air or an equivalent high-nitrogen 
gas, such as producer or stack gas, was introduced into the retort. The 
yield of shale gas being 9,764 cubic feet ver short ton of shale treated, 
the air or equivalent high-nitrogen gas supplied to the retorts was 9,764 

x 0.569 = 5,555 cubic feet per short ton of shale aay) (this air was 
ies internal combustion and not for heating tne flues) 


With 7 of the & Meier-Grolman eeeuts operating at 55 short tons per 
day each, gas-handling, condensing,and cooling equipment mst be supplied 


Sy Ooviously, recirculation cr stack gas, producer gas, or mixtures of 
either or both with air would account for the nitrogen content of the 
Shale gas. Under these circumstances the amount of air used would be 
that required to maintain the desired temperature in the shale in 
process. 
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to care for 95 x 7 x 9,764 = 3,759,100 cubic feet of gas (at 60° ¥ F., 30 
inches Hg., saturated) per day. 


Te matter of disposal of shale residue from retorting is generally 
recognized as an important problem in the treatment of most shales. This 
problem has been solved at this particular plant, but only sc long as the 
production of oil is limited to that epee to the demand for cement 
and hydraulic lime. 


The daily consumption of large Grudekoks for making producer gas was 
initiall; 132 short tons but has been reduced so that with four retorts 
operating it is 44 to 50 short tons daily, approximately equivalent to 585 
pounds per short ton of shale treated. Thus, more fuel is used in the 
producer gas generator alone than is obtained as oil from the shale. For 
steam generation, 25 to 30 tons of coal is used daily, which’ is an addi- 
tional charge of fuel consumed in the recovery of a small amount of oil. 


Ex xpex erimental Shale-Treating Furnace (Aluminum-Alloy Bath) 


At this same location (en iandoseatwers: at Dotternhaus Ba) , the Com- 
pany had erected and virtually completed an experimental installation of 
the pyrolysis of oil shale in a bath of molten aluminum alloy said to have 
a melting point of 580° C. Although this unit has never been operated, it 
was estimated by the Company that its rated capacity was 264 short tons of 
shale per day (half of the rated capacity of the whole main plant). The 
furnace comprised a rectangular, insulated, metal box containing about 50 
tons of aluminum alloy.. This box was divided into two portions separated 
by a baffle wall. One portion was in effect a Siemens Martin furnace, in 
which the alloy was heated by the direct firing of gas evolved in the 
process, the gas burners being viaced near the top of the furnace; pre- 
heated air was to be supplied for burning the gas. Circulation of the 
molten alloy from the Siemens Martin section to the shale-treating section 
was achieved through the use of a paddle wheel. | 


The crushed shale, about 1/2 inch average size, is iatie fed into tle 
shale~-treating section on a-continuous belt. This belt, which is equipped 
with refractory paddles, will serve to cause the shale, as fed continuously 
into this chamber, to pass below the surface of the molten alloy. When 
these paddles lift out of the alloy bath at the end of their travel, the 
Shale residue will float to the surface and be discharged at the end of 
the furnace and conveyed away. It was expected that the time of contact 
of the shale with the molten alloy would be about 5 to 10 minutes and that 
the reactions would be complete in that time. Provision was made whereby 
the gases and vapors evolved during pyrolysis would be-removed by an ex- 
hauster as-fast as they were generated. The shale oil was to be recovered 
by the usual recovery system, and the permanent gases were to be returned 
and used as. Tuei aoe ere the alloy bath at the Beneowes a aaa 
ot 600° to 650° c. 


While visiting ies plant, the authors were informed that laboratory 
tests indicated that the loss of molten metal with the spent shale would 
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be negligible, The tests yielded very little information to indicate that 
oil yield would’ be increased by this procedure, although calculations 
based upon laboratory experiments: indicated that a very appreciable sav- 
ing in labor would result from the use of the molten-bath process. It was 
. Stated that the gaseous atmosphere would be of a reducing nature in the 
section of the furnace where the hot gases would directly contact the al- 
loy being heated. It was also stated that the alloy would not oxidize in 
this system. As aluminum oxidizes very readily, and as aluminum oxide is 
not readily reducible to the metal by reducing gas, the statement that 
oxidation will not occur cannot be accepted without verification. 


The high capacity credited to this furnace is based upon laboratory 
experiments, which reveal that pyrolysis of small pieces of shale would be 
complete after a few minutes! immersion in a metal bath at a temperature 
of about 650° C, It was assumed that the permanent gases evolved in the 
x~ocess would not alone be sufficient: to supnly the necessary heat to main- 
tain the alloy in a molten state,hence provision was made to supply the 
_ necesssry additional gas (producer gas). Upon leaving the furnace, the 
gaseous products of pyrolysis pass through a heat exchanger, which serves 
to preheat the air used for combustion of the gases which in turn are used 
to heat the alloy. A sample of the alloy was obtained for analysis. 


The money needed to build this unit was furnished by the Reich. 


Meiler Plants 


(Deutsche Uelschiefer Forschung Gesellschaft, Schomberg, 
Wurttemberg (Near Balingen) | 


This Company was originally organized in 1944 by order of the Reich 
aS a research organization to install pilot-plant shale-treating units 
and to determine from the operation of these units the most satisfactory 
and economical process for treating either Estonian or Wurttemberg Shales. 
In July 1944, before experimental data of any importance were obtained, 
orders were given through the office of Reich Minister Speer for the imme- 
diate construction of 10 commercial Meiler-type plants, which were to be 
in operation by October 1944; these plants were to be suvervised by the 
technical personnel from the pilot-plant station. 


Commercial Meiler Plants 
All of the 10 plants whose construction was ordered were not completed 
before the war ended in Germany. Their-location and status in April 145 


were as follows: 


Location Status 


iO. 
“lL WNehren, near Tubingen Completed and ready to start. 
2 Bisingen Operated for 3 weeks only. 
3 Engstlatt About 50 percent completed. 
mn Erzingen (No.1) Operated 3 weeks only. 
5 Erzingen (No.2) About 20 yercent completed. 
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Figure 5. - Portion of a Meiler shale pile with header 
main and slotted offtake pipes in place. 


Figure 8. - New commercial unit at St. Hilair. Rated 
capacity, 550 short tons per day. 
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No, Location | . Status 
6 Dormettingen (No. 1) -About 30 percent completed. 
7 Dormettingen (No. 2) About 65 percent completed. 
8 . Dornettingen (No, 3) Operated for 4 weeks only. 
9 Schomberg Operated for 3 weeks only. 
10 Zepfenhan About 60 nercent completed. 


The rate capacity of each plant for Peccane Shale oil was 13,200 
short tons of shale per month. 


In the Meiler®/ process, shale is treated much the same as wood was 
treated in the past for the production of wood charcoal, that is, piles 
of the crushed shale were so arranged over a series of perforated pipes 
connected to a manifold that when a fire was once kindled on the upper and 
exposed portion of the bed pyrolysis would take place at a predetermined 
rate by removing the gases formed through an exhauster connected in the 
system. In other words, air was drawn into the outer surface of a sub- 
stantial pile or crushed shale at such a rate that a heat wave passed down- 
ward into the mass, the front of this wave being the “distillation” or 
pyrolysis zone and the back portion being a zone of combustion wherein the 
carbon residue in the shale was burned, rurnishing the heat necessary for 
processing. Figure 4 is a sketth of the arrangement of the shale pile 
and the piping system through which the gases and vapors pass for the re- 
covery Of shale oil. 


The Meiler field is a series, normally, of eight piles or beds of 
broken and crushed shale placed on top of a series of slotted pipes to a 
depth of 9.8 feet... Each pile is approxinately 131 feet long and 41 feet 
wide. The total length and the number of beds employed depends on the 
terrain. Each pile contains approximately 1,650 short tons of shale. 
Each gas header main has 14 to 16 connections for pipes, which extend 
along the bottom of the bed as conduits for the products of pyrolysis. 
These pipes are placed 6-1/2 feet apart (center to center) and have a 
series of perforations or slots at one end on the top side; these slots 
are 20 mm. by 300 mm., or O.8 inch wide by 11.3 inches long. Each header 
main, with its 14 to 16 connections, is joined to a main header in turn 
connected directly with the exhauster. Figure 5 is a photograph of a por- 
tion of a pile with the header main and slotted pipes connected thereto. 


A valve is provided in each of these pipes, so that the gas drawn 
through them into the header main can be controlled. A thermometer ex- 
tends into each of these pipes adjacent the valves, and the temperature 
of the gas passing through each valve controls the valve opening. Pipe 
Sizes employed varied, and some of the headers and valves were said to be 
much larger than rece d owing to the necessity of using available mater- 
ials. The.slotted steel pipes had a diameter of 350 mm. (13.7 inches). 
Crushers orderéd for these Meiler plants were not delivered, so it was 


emer eh ee A PRA CE A PE SPEC A PP PEPE 
0/ The word "Meiler" in this report has been used as descriptive of a 
- system employing piles of shale. It should be noted that the word 
"Meiler" is German for stack or kiln. 
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necessary to use weathered or readily broken shale of low oil content in- 
stead of the freshly mined crushed shale as was intended. It is necessary, 
of ccurse, in such an operation to avoid the formation of flues or open 
channels through tne bed of shale being processed, and this can best be 
done when the shale has a limited range of variation in size. 


Operation 


This system operates substantially as follows: A fire is started over 
the top of each of the 1,650-ton shale piles, and the exhauster is started 
to draw the products of combustion down into the bed and out through the 
piping system. ‘three or four hours are required to ignite the upper por- 
tion of the bed and heat it to the point of initial oil production. Ap- 
proximately 2-1/2 days are required to "burn" the pile. The burning zone 
attains a temperature of approximately 1,20C° C., wneresas the pyrolysis zone 
is at a temperature approximating 450° C., and the gases with oil vapors 
leave the bed at avout 609 C. The temperature of the offtake gas remains 
approximately 60° C. until the operation is about completed, at which time 
the temperature rises rather ravidly, finally reaching 250° C, at the end 
of the operation. When this temperature is reached, the bed is shut off 
fron connection with the exhausters. The residue, commonly referred to as 
the ash pile, is 2-1/2 meters (8.2 feet) high; in other words, the bed 
sinks approximately 0.5 meter, or 1.64 feet, during processing. It was 
stated that when the available area had once been covered, new Meiler beds 
could be started on top of the old ones. It will be noted that the slotted 
tubes mist be removed from the piles after vyrolysis is completed, and some 
little difficulty was experienced at the outset in accomplishing this. 


Approxinately 60 percent of the total oil recovered comes from the gas 
headers and is collected by a drainage system, whereas the other 40 percent 
is recovered largely from Cottrell precipitators. The oil as collected cen- 
tains considerable water, and the mixture is settled in underground concrete 
storage tanks, where three layers commonly scparate - that is, oil, emulsion, 
and water, the watcr being on the bottom and the oil on top. The practice 
is to pump the oil from the first settling tank through e heater, in which 
it is heated to &°? C., and again settle it in horizontal cylindrical tanks. 
Centrifuges were used to separate the oil from the emulsion, and the oil 
thus recovered contained less than 1 percent water. 


One exhauster normally handles the gases from one Meiler field, but 
two may be required when a new bed is first fired. Each of these exhausters 
has a capacity of 1,062,000 cubic feet of gas per hour. The initial plan 
was tc use at least some of the gas resulting from pyrolysis of the shale 
for generating steam by burning it under lovomotive-type steam boilers. 
However, steam was generated by burning coal. Each exhauster was driven by 
a 200-kw. (268-horsepower) motor employing a gear box to control speed, 
which normally is 3,000 r.p.m. Suction equivalent to 60 m, (2.36 inches) 
of water was maintained at the start of the operation in processing the 
shale; that is, the pressure was 2,36 inches of water less than atmospheric 
pressure... Subsequently tne pressure decreased further, until at the end 
of pyrolysis it reachea SO mm. (3.1 inches) of water negative pressure. 
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The gas recovered efter removing the condensable matter had a very low 
calorific value and could be used with satisfaction only when it was preheated 
or special provision was made for its combustion. 


Reported Result of Operation 


The results said to have been obtained in the operation of Meiler fields 
are as followss 


Oil content Of the shal€ecccocccccccccccsccce. h, 5 percent by weight 
Oil recovery » percent of Fischer essay COSteccceccccecccoccces 
Gas production per ton of shale (at 60° F.,. . 

50 inches Ho, BALUNALEC ) scé.0ss cdie sews enesieoes 18,900 cubic feet 
Total sulfur in the shale residuc.cccccccccccveccveseepe <& percent 
Composition of the shale oil:- 

specific gravity at 20° Cs seidwwwine.oe 6 00660 46060 cee eus 0.965 
Sulfur CONUON Uso ussenese sue sienesecweees 320 percent by weight 
Paraffin (WAX) 26 sdcieweww dation ee eseueeee 2.0 percent by weight 
Pour POINT eco cccccccccsccsssessereevescsesceceseses 0° to bo Ce 
PHenolLsscovcccssccccccccccccvccessceceses 4.0 percent by weight 
WAGEUG <siscacnlnse eens site ees eeseeeeseoes 1.0 percent by weight 
ASPHAl te cevvccccvccccccessecsecsenstoere O.7 percent by weight 


The oil recovered was used as a Diesel fuel without further treatment. 
The composition of the shale used is shown by the following sissies 
Composition (Free from Organic Matter) 
Percent oe woight 


Si Opssiusenesenseenseesness : ber O 

FPED0% sev cccsccccccecevecece 

A1D0%< cecterceccccevecceces 1 
| 2 


2.0 
0.0 
CEO oii pe-6e 6 eOn epee eee eeeues 520 
MeO seaviweeet st beeeieseeees 1,0 
KOO e wedecetore de eesedscesee 3.0 
COD esos set bhetedeen owns 13.0 
FeSO seis cata en wae eee e news 720 

__ 4.0 

0.0 


100.0 


Water and undetermineds cece 


softening point of the ash (shale residue) 1,100° te 1,200° c, 


Composition of Organic Matter (12 Percent of the Raw Shale) 


Percent ‘by weight 


Se ee ee ere er ere eae le 
rere Te eee ee er re ee ; 8.8 
Nag iiseaeeesteaakoursoees es 1.7 
Dee eiea ev ataced see eeeeeee 06 
OD i: a ibibo eek bee e ees __fe9 
| 100.0 


Although organic matter is present in the shale in an amount approxi- 
mating le percent, the total oil recoverable by the Fischer assay test is 
only 5.0 percent of the shale, 
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Composition of the Gas from a Meiler Field 
Percent by volume 


Cope ccna dauiontsnsancsauses 20.0 
CO nce sean ew ebeeweenecies 6.0 
CHUk 6 ee eupraoie we ever eres 66 eres 1.0-2.0 
Hoccameutes sekaeseeeeeod 1.0-2.0 
OSs secarw is Walesa eG Wiwere 0 eis eevee 5.0 
He ouousstacamatuns noses 1.2 
Na vecccccccscccccvsccocecs 61.0-66.0 


Calculated high heating value, B.t.u. per cubic foot (60° F., 
40 inches Hes. SYS HG| 6 ars C= (6 9) ea re ae 40-50 


Benzine content of the gas at exit of Cottrell precipitators was 10 
grams per cubic meter, equivalent to 10 pounds per short ton of shale. 
Although this benzine was not being recovered, it is included (above) in 
the stated yield of oil, being 80 to &5 percent of the Fischer assay test. 
The actual oil recovered, excluding this benzine, was 70 to 75 percent of 
the Fischer assay. Thus, with a yield of 5 percent total oil by Fischer 
assay, the recovery was: 


Oil (recovered)... 70.0 to 75.1 pounds per short ton of shale or 
7O to 75 percent of Fischer assay. 
Benzine in gas.... 10.0 pounds per short ton of shale or 
(not recovered) 10 percent of Fischer assay. 
Totalecscccceesees 00.0 to 85.1 pounds, equal to 80 to 85 percent 
of Fischer assay yield. 


Because of the lack of an ample supply of cooling water and the high sul- 
fur content of the gas containing the benzine, no attempt was made to re- — 
cover the benzine. 


It was stated that with better sizing of the shale used in the Meiler 
fields, namely, employing 15 to 50 mm. (0.6 to 2.0 inches) pieces, the 
yield of oil would be 90 percent of the Fischer assay, and the oxygen con- 
tent of the gas would be much lower than that shown in the above analysis. 
In that case the calorific value of the gas accordingly would de higher. 
The gas was said to have a calorific value of about 60 B.t.u. per cubic 
foot, but only one analysis (the one above) was supplied, and there was 
no evidence that additional tests had been made on large-scale operations. 


Comments 


Five of these commercial Meiler installations are ready to operate. 
Each of them is said to have cost 6,000,000 marks, which amounts to 
$2,400,000, considering the mark to have its old value of 40 cents. The 
oil produced was not refined or fractionated but was sold direct as fuel 
oil for Diesel engines and other purposes, and the prices were 282 marks 
($112.80) per short ton to farmers and 200 marks (00) per short ton to 
the Central (Government) Purchasing Bureau. It was stated that the 
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over-all cost of producing the oil was 227 marks per short ton, which 
amounts to 36-1/2 cents ‘per U. S. gallon. . 


The procedure followed in ere shale in Meiler fields is ob- 
viously simple, requiring a minimm of skilled labor and a type of equip- 
ment that can be supplied readily. It is believed that there was appre- 
clable amount of corrosion in the pipe lines, but this can not be evaluated 
at this time. 


Underground Pyrolysis of Shale 


One company » known as Kohle-Oel-Union von Busse Kommanditgesselschaft, 
Schorzingen, Wurttemberg (near Balingen), operated a shale-treating plant 
underground more or less on an experimental basis, but on a sufficiently 
large scale to obtain data as to yields of oil and gas as well as informa- 
tion relating to the nature of the oil and some operating details. The. 
idea of treating shale in this manner was based upon the Russian work on 
underground gasification of coal. Although this company was privately 
financed, it appears that the German Navy was much interested in the pro- 
cess for distilling shale and had entered into a 10-year contract with 
them whereby the Wavy would provide 50 percent of the working costs and 
in return purcnase the oil produced. 


Preliminary experimental work on the process for treating shale under- 
ground was started at Holtzheim, near Stuttgart. The geological formation 
there was found to be unsuitable, the roofing being poor. Accordingly, 
work was discontinued and efforts were made along similar lines at 
Schorzingen about the middle of 1943. It apparently was.the intention of 
the company to explore the field and work on the technical and practical 
problems involved in the underground pyrolysis of shale, believing that by 
avoiding the cost of nining all of the shaie the process might prove to be 
economical. The plant at Schorzingen was therefore essentially a research 
or pilot plant until about the beginning of 1944. In December 1944, bde- 
fore the numerous problems had been solved, the company was obliged, under 
Government pressure, to commence operating on an enlarged scale for the 
comercial production of shale oil. Up to this time 16 experimental trials 
involving different operating methods and conditions had been made. The 
following is a descrivtion of the process: in what is believed to be its 
latest stage of development: 


The process comprises essentially the preparation underground of a 
series of chambers in which the shale, broken up by blasting, is ignited 
at one end of a tunnel of appreciable length and pyrolysis is promoted by 
exhausting the gases from the opposite end. In the larger-scale work re- 
cently carried out, two horizontal galleries 424 feet apart were prepared 
in the side of a hill at the level at which it was decided to work the 
Shale. Cross galleries 197 feet apart were then provided to connect the 
two main galleries, and a "field" comprising two sets of 7 tunnel-like 
Chambers was prepared by excavating the. shale. Each of these tunnel-like 
chambers was 197 feet long, 6.6 feet wide, and 7.2 feet high. After pre- 
Paring the chambers, the sides and roof were drilled to a depth of 49g 
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feet, and explosive charges were introduced therein. Upon firing the ex- 
DicSive cnarges, the remaining shale above and adjacent to these tunnel 
chambers was broken up, and the chambei's were enlarged and filled with the 
broxen shale. One end of each of the chambers was sealed cff by double 
brick walls, into which an ofitake pipe was extended for the withdrawal of 
products or pyrolysis. Wood and about 1 ton of coke were then charged in- 
to the opposite end of each champer and ignited, and the chambers were then 
sealed off, oxcont for an inlet opening for eir at the end where the 
fuel charge was supplied. Air was Grawn through the chambers by means of 

a motor-driven exhauster having a capacity or 530,000 cupic feet per hour, 
which was placed underground in one of the main galleries. The offtaixes 
from each of these tunnels were connected to”~a common header, whereby one 
exhauster could nandle the gases and vapors from the entire field. An aux- 
iliary exhauster was previded on the surface and connected so that it could 
pe used in case of a breakdown or failure of the underground exhauster. 
Figure 6 shows diagramnaticaliy the arrangement of the tunnels and galleries 
in this plant. | | 


The shale in situ was said to have a bulk density of 2.5 (143.5 pounds 
ver cubic foot), but after being broken down by the explosive charges, 
which broke tie shaie into pieces up to avout 1 foot in size, the bulk 
density waS approximately 1.6 (99.8 pounds ner cubic foot). It is there- 
fore necessary to remove from its underground location an appreciable 
amount of the shale in oréer to treat the balance. In this particular in- 
- stance it was found that 30 to 55 percent or the shale must be removed to 
treat the remainder by the procedure outlined herein. Moreover, the 40 to 
35 vercent that is renovei must be satisfactoriiy treated above ground by 
an entirely different process before tne whoie procedure can be thought of 
as feasible. Calculations based upon the dimensions of the chambers quoted 
above show thet a field of 1 chambers will contain avproximately 26,400 
short tons of shale as prepared for heat treatment. 


After these chambers are sealec and the confined broken shale is ig- 
nited at one end cif each chamber, pyrolysis is sta:rtea by opening valves 
connecting the offtake pipes with the gas header main connected tc tne ex-= 
hauster. The exhauster is so operated that pressure iS maintained slight- 
ly below atmospheric in each of the champors; the negative pressure varies 
along the length of these chambers from -2 m. to -18 mm. (-3/3¢ to -3/h 
inch of water). As a result cf the steady evolution of gases and vapors 
fron the shale, a zone of pyrolysis followed by a zone of combustion pro-~ 
gresses slowly along the chambers toward the gas-outlet end. Although 
the rate of travel of the hot zone through the confined shale may be con- 
trolled by prope: regulation of valves or exhauster-pull on the chambers, 
experience has indicated that the hot zone should progress at a rate of 
about 6 cm. (2.30 inches) per hour. At this rate, the time required for 
complete pyrolysis is approximately 42 days. It is said that if this rate 
is exceeded, the temperature will rise excessively locally; furthermore, 
the period of pyrolysis is so short that the larger lumps are not complete- 
ly treated. The temperature of the gas at the offtake from the chambers 
usually remains at about 6c? C. until the hot zone has progressed substan-= 
tially from one end to the other in the chambers, that is, until the shale 
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has been virtually completely exposed to the high temperature, at which 
‘point the outlet temperature begins to rise... The "pull" on the chambers 
is stopped when the, temperature. of the offtake gas is about 200° C. 

It appears that some. difficulty was experienced in regulating the rate 
of combustion so that complete pyrolysis of ali of the crushed shale could 
be obtained without excessive loss of oil. due. to combustion. In one in- 
stance where the temperature of the, shale in process rose excessively, as 
indicated by the temperature of the offtake. gas, an effort was made to con- 
trol the temperature by pvmping water into the chambers. The methcd most 
recently proposed for obtaining satisfactory. control over combustion condi- 
tions in the chambers is to. draw into. the chambers, while pyrolysis and 
cambustion are under way,.a mixture of air and some of the gases evolved in 


the process; in other words, it was proposed that some of the gases produced 
in the processing of shale be recirculated into the. shale in process along 


with the air. It was hoped that by thus reducing the oxygen content of the 
inlet air the rate of pyrolysis would be. under. better. control and that more 
complete distillation of the larger picces of shale would result with cor- 
respondingly higher yield of oil. Experiments along these lines were not 
made, but the neccessary ple was installed on chambers prepared for 
treatment. | 


Yields and Products 


Operations on the production scale described above had been in progress 
only about 3 months before the European war ended. One field of 14 chambers 
had been distilled, and the yield of oil, based upon oil actually recovered, 
was Said to be 30 percent of the Fischer assay. This yield does not include 
benzine and other condensable hydrocarbon vapors obtainable from and initial- 
ly present in the gas. In one test, a field of two sets of 7 chambers con- 
taining 13,060 and 13,550 short tons of shale produced, respectively, 155 
and 151 short tons of oil, whereas the respective Fischer assay yields were 
522 and 542 short tons of oil, These yields did not include any light oil 
in the gases that were passed to the atmosphere and are said to contain con- 
densable oil vapors amounting to 15 percent of the Fischer assay yield; no 
recovery plant was available for removing ‘the cee re that passed 
out in the vapor phase in the gases. .... 


Se 6 & © @© &* © @ we %* F FT e FF 8 


Ninety percent of the total oil recovered, is collected from the under- 
ground piping system and is designated as heavy oil, and 10 percent of the 
total oil collected is removed above ground in a condensing system of con- 
ventional design, which includes direct and indirect water-scrubbing and 
condensing units. The manager of this plent stated that in the experimental 
work preceding the large-scale operations, the highest yield of oil obtained 
wes approximately 56 percent of. the Fischer yield exclusive of the light oil 
lost in the gas; he felt sure that after further work and experiment this 
yield could be increased substantially. 


_ The light and heavy oils collected, respectively, above and below 
ground have properties, as indicated by the tests, as follows: . = 
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TCs: Too 
Heavy oil Light oil 
from condensed 
ae ; underground - above ground 
Specific gravity at DO Cita eae aaa Paty anaes 0.951 0,943 
Water content, DercOhtwicsésiscavsdae sec wee esos 0.98 | O47 © 
Ash, NE CCCI s:6.4' se wie oo ois a bee CUS 4056 e804 es 0.008 0.00% 
Congealing ee or +1.0 . =5.5 
Vlash point: (opencup),- Cs. 6. siave oa sicew e's s-00r 104 95 
Asvhalt, PEL CENE cccuadcainweeneee Suse eoaee eens 0.25 0.3 - 
Comadson carbon, DENCeN Uneceaseete oun eeceuves 2.64 . 2.04. 
Viscosity (Engler) at 20 7 errr ee er ere 2.7 2.18 | 
Viscosivy (Engler) at 50° LNG eS ordi ie atta Ide Gia, ee ee 6 Ld2 1.39 
Sulfur (total), DEPCENTs sereseccveravaccccvere a 495 471 
Corrosion, copper, (mg.- per 16 sq. cm. jJasece.. 45.8 47.5 
Paraffin eGatent: (Buteno!. method), percent.... 4.23 2.15 
Engler Distillation: 
Temperature, ~“Crccecccccrsccees 140 200 250 500 350 390 
Percent off by volume: 
Underground heavy oil....... Initial 2.0 16.5 40.5 65.0 95.0 
drop (congeals ) 
Oil condensed above ground,. Initial 43.5 20.0 4h.0°” 68,0" °° 92.0 
drop (congeals ) 


The volume and composition of the. eas produced in this process vary 
appreciably with the voluwne or excess air employed. It was stated that the 
amount of gas made varied from 27,500 to 41,250 cubic feetL/ per short ton 
of shale treated. 


A typical composition of the gas oeeiee is.as follows: 


Poveent by volume 


COD + HOS. cece ces vvccvvecs 18.6 - 
TlluminantsS..ccescccccececses —. 
Ce ere Tre ee eee re a 2.5 
B05 sagictaicecns cctncbese 4.0 
eee ee 4,o- 
CHi. ices sree sues a awiceiiaice siete 135 
Nacecceccecerccvseccescecncs 65.7 
6) 


A sm 
O 
© 


Benzine in - gas, grains/100 cubic 
Oil in the ains/100 cubic feet 
a/ Gas anaes at 60° F., 530 inches Hg., Ba turevews 


BEE on coe ce pantdanietanoncecee 1S 
- | 


Coeoeeeeeeenseserareeneeesssere 215 


Thus, if the gas yield is taken at et; 500 cubic feet per short ton of 
shale, the amount of benzine in the gs on the above basis would be 6.09 


7a Gas measured at 60° F., 30 inches of Hg., saturated. 
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pounds per ton of shale; whereas , if the yield of gas is taken at the 
higher Figure, viz., 41,250 cubic feet, the yield of benzine would accord-— 
ingly be 9.13 pounds per short ton of shale. The oil in the gas measured 
on the above basis amounts to 8.36 pounds per short ton of shale, or to 
12.56 pounds according as the gas yield is taken at the low or high value 
given above. As the higher figure for gas yield represents a condition in 
which a large excess of air is drawn into the shale in process, it seems 
only logical that the lower figures given for benzine and oil in the gas 
should be considered as the true benzine and oil content, 


Size of Chambers 


The above gas analysis shows that an appreciable amount of excess air 
was drawn into the system along with the gases evolved in the process and 
produced by combustion. It is obvious that air can readily pass over the 
top of the shaie in the chambers unless the size of the chambers is regu- 
lated in accordance with the amount of explosive charges used for breaking 
down the roof and unless the depth of the holes drilled to receive the ex- 
plosive charges also is regulated. In other words, it appears to be quite 
necessary that the chambers as prepared for pyrolysis be filled as conm- 
pletely as possible with the broken shale. Although the company had ex- 
perimented with chambers 6.6 to 16.4 feet high, and obtained the best re- 
sults from those 6.6 feet high, they planned to use chambers 5.2 feet high 
and 3.9 feet wide in subsequent experiments. | 


The amount of explosive material used per short ton of total shale 
treated was t pound. 


Another important factor in arriving at a most satisfactory size for 
the preparation of tunnels is the thickness or the shale bed. It was noted 
that the shale deposits at Schorzingen were approximately 28.2 feet thick, 
These deposits contained bands of shale containing 3.4 to 7.5 percent oil 
according to Fischer assay tests. 


Costs 


The total capital invested in the plant at Schérzingen was said to be 
2,400,000 Reichsmarks ($960,000), of which 750,000 Reichsmarks ($300,000) 
were invested in the plant and the remainder represented expenditures in 
research and development of the piedaes 


OIL-SHALE INDUSTRY OF FRANCE 
INTRODUCTION 

This is a brief report of visits to oil-shale distillation plants in 
France made by the authors in June 1945. The French Government is striving 
to develop the known deposits of shale, particularly those in central and 
South-central France, for the purpose of supplying a portion of their re- 
quirements of motor fuel and lubricating oil, as the country does not hate 
a Natural ready source of supply of petroleun. 
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The officers and other representatives of the companies whose plants 
were visited were most gracious and accorded every facility for obtaining 
iniormation.from their records anc notes. 


1. AUTUN 


The first’ plant visited was that of the Socidté Miniéré des Schistes 
Bitumineux at Autun. it was found that this Company is operating 5 bat- 
teries of 40 retorts each of Pumpherston type. These retorts are exact ~ 
Guplicetes of the well-known Scottish units in which shele is processed in 
Scotland. Crushed shale varying in size from 4 inches down to about 1/2 
inch is treated continuously by passing it downward through the vertical 
retorts, which are externally heated by burning gases. The upper portion 
of each retort is made of metal (iron) and the lower portion, which is sut- 
jected to higher temperature, is made of refractory material. The capacity 
of each retort was initinll; 4.3 short tons oi’ shale per day of 24 hours; 
this was at a time when superheated steam only was passed upward into the. 
Ilass of shale in process, but later results, obtained when both air and 
steam were introduced adjacent to the bottom of the retort during process- 
ings, showed en increase to 7.7 short tons of shale per day per retort. The 
toval maximum capacity with all retorts overating is o40 metric tons (924 
short tons) of shale per 24 hours. ‘The air is used internally to burn some 
or tne carbon that otherwise would pass out as carbon in the spent shaie; 
in this manner additional heat is generated for processing without the con- 
sumption of additional scxtraneous fuel. Although 350 cubic meters (12,550 
cubic fect) of ary gas was generated from each metric ton of shale treated, 
more gas (producer gas separately generated) was required for heating the 
retorts. The amount of the producer gas used was the equivalent of 1006 kg. 
or cual per 100 liters of cruce oil recovered, or J.35 pounds per U. S. gal- 
lon (the coal contained 40 percent ash); this is ecuivalent to 450 pounds 
of coal ver barrel of 42 U. S. gallons of oil. It was said that 250,000 
kg.-calories are required to distill 1 metric ton or shale (900,000 B.t.u. 
per short ton), whereas the gas obtained by the pyrolysis of shale with 
steam only produced 120,000 kg.-calories (453,000 3.t.u.). Air used during 
the processing or shale, generating heat within the retort by the combustion 
of residual carbon in the shale, supplies the required additional heat. The 
retorts were operated so that the tcmperature of the shale never rose above 
1,000° C,, because the shale softens at 1,100° C. and melts ct a slightly 
higher temperature. The negative pressure at the top (offtakes) of the re- 
torts is -66 mm. (-2.6 inchos) of weter. This reduced pressvre is maintained 
by means of exhausters, of which there are three - two operating and one 
sparc. . 


The chemical composition of the shale treated at Autun appears to dif- 
fer somewhat from that of most American shales; at least, the oil obtained 
from heat-treating it is said to contoin less wax. The oil characteristics 
are not reported here because they are pubiished rather completely elsewhere. 
However, it is noted that the shale being treated yields 6 to 7 percent of 
total readily condensable oils by the Fischer assay retort, and that in 
plant operation the yield is U5 percent of Fischer yield. The shale con- 
tains 2.0 percent of total sulfur, of which 1.5 percent is pyrite and the re- 
maining, 0.5 percent is organicsulfur, The softening point of the shale is 
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Mining is by underground methods, the shale being 325 feet below the 


surface in a single seam 3.c5 to 11 feet thick. Mining costs are high. 


Five hundred men are smployed in operating the mine and 400 in other 
operations, Thus, at full capacity of 924 short tons per day, the labor 
amounts to approximately 1 man-day per short ton of shale mined and treated. 


It is noted that the usual condensing and cooling methods did not re- 
move ell of the oil, and that there was recovered, by oil-escrubbing the 
coolec. gas, 7 to 8 liters (1.45 to 2,11 gallons) per cubic meter of shale, 
that ig, per 1.2 metric tons of shale; this amounts to 1.4 to 1.0 U. S. 
gallons per short ton of shale treated. The total recovery of oil was 06 
liters per metric ton, of whicn 6 a vere were obtained by oil scrubbing. 

In U. S. units, the recovery was 15.5 U. S. gallons per short ton, of which 
1.44 gallons were recovered by oil scrubbing. The crude oil has a specific 
gravity of 0.90. | : 


Two Oil scrubbers were used in series in recovering this additional 
oil from the gases. The oil used for eceupp Te was the shale-oil fraction 
boiling in the range 240° to 260° C | 


The shale used had a rela* sively low lime content, and there were no 


difficulties regarding residue disposal. A representative analysis of the 
spent shale is as follows: : : 


Percent by weight 


OD we lerenaracs eid 6 ewe w eee wee Die oe 
TOPs asc aide een awee ee eeeeaele 87 
SOZevccscccccccecscesevecgens 1.92 
FEDOZ. ce veccccccsrvvccnssceee 17.50 
DL2UZ se wccccncccccoscccsecoves 6.61 
io (6 err ery a ee area ee er ee rr ee Trace 
CBO 6e5e-6. 0506 0.58 6s Ss S NG Soe as pr 15 
MeO. cccccncscecncecesesscares » 30 
Ka0. peccccccccesvscceescccces 3007 
oP ree ee re ee re ere ee a ef O 

Loss on ignition, 5, and | 
WUNdSt GYM Ned <66 6 dhec cise sees 9.56 
100,00 


A representative sample of crude oil obtained from the Shale had the 
following characteristics, as revealed by the results of tests: 


Specific BEAMEE ccc dacatcanededence snes ~0.895-0.9 05 


Congealing (pour) noint, [C.,.ececcecece +5 
Flash point (Luchaire), ace errr err. +50 
Viscosity (Engler), at 20° ne re 2.1-3.0 
Viscosity (Engler), at 50° Cy...scseeeee 14-1.65 
Conradson carbon residue, percent....... 1.1-1.9 
Sulfur, less than, percent...ccscssecece _ OD} 
Paraffin, Percents .cccccrccccscssvrsvcece 5 to © 
Hard asphalt, percent..eccacsisercccccces 0,35-0.9 
373 ~ 33 - 


Google 


EC Toe 


Yr 


inpler cistillation 


Temmeratuce, ©C.sseeeee LT7¥ 165 2153 245 273 297 320 344 370 361 
Initial . _ e 2 
Percent off. by. ‘yolyne.. drop 5 10 20° °50 40 ° #50° 66 +$<7O~ 6&0 
| Percent: 
Products removed by washing with 15 percent sulfuric BCidvcowaueed, Ce. . 
Products removed by washing with 20 pee Eevee soda Solution. 304. : 


‘ Ammonia is produced during pyrolysis and is recovered from the gas. by 
washing with sulfuric ecid. Tne total amount recovered, expressed aS am-  ~- 
monium sulfate, is 10 to 11 ks. per metric ton of shale, which is equivalent _ 
to 2G to 2 pounds per short ton of Shale. - 


The total electric power required for the operation of this plant was 
GO kw.-hr, per 100 liters of oil produced, including the power required for. 
mining and other purposes; this amounts to approximately 56.3 kw.-hr. per 
hort ton of shale treated. 


Water from the mine amounting to 10 tons per short ton of shale treated 
is used for condensing the oil and cooling the gas; this is just enough for © 
the plant when the refinery is not in operation. - | | 


Because methods of treating oil shale have improved so greatly, the 
Canpany has decided to replace its Pimpherston-type retorts, as fast as they . 
wear out, with Lantz retorts, which appear to offer substantial economies 
and greater earnings... Thé’new retort was deyeloped at St. Hilaire. 


2. ST. HILAIRE 


The next plant visited was thet cf the Societ te Chimique de la Grande 
Paroisse at St. Hilaire (Allier), France, where a pilot Plant treating 88 
to 100 short tons of shale daily has been-in operation since 1938. 


The Société was formed about 26 vears ago forthe purpose of developing 
the Claude process of making ammonia, but subsequently devoted attention to 
the production of synthetic wotor fuels by -high-srdssure hydrogenation. — 
The ne endeavors ce to covet ements in the winning of ‘Oil from Shale. After 
G. P. or Lantz retort. - Certain major a were kept in mind in con- 
ducting the experiments, namely: — 


(a) Indirect heating of the shale involves either mechanical intricacy 
‘or a Low ad of peceucyacey i. oes ee _* . ; 


(b) Direct heating of. ne shele with. gases of sqipnation or inert gases 
promotes dilution of the products of distiilation, with its well-known con- 
seauences - a large. condensing and ep re plant is required -and low 
light-spirit. recovery results. 
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(c) If one resorts to heating oil shale by direct contact with recy- 
cled g¢as, the cooling of the rich gas to ordinary temperatures for the pur- 
pose of removing condensable hydrocarbons entails high heat losses, because 
the water-vapor content is high and because the uncondensable ges thus 
ccoled must be reheated to distilletion temperatures before it is recycled. 


(a) Circulating the gas in the retort ccuntercurrent to the shale pro- 
motes successive distiilations and concensations of the oil with subsequent 
cracking, whereas a rapid flow of gas at right angies to the line of shale 
travel will drive away the products of distillation as soon as they are 
:crmed. 


(e} Recovering all the available heat coritent of the shale is economi- 
cally vital; the fixed carbon left in the shele after evolution of oil must 
be burned or gasified. 


(f) Recovery of the nitrogen as ammonium sulfate is cof little conse- 
quence in the present state of the nitrogen industry. 


Tne pilot plant, which employs a unique retort, gave results that were 
50 satisfactory that it was decided to build a large unit with a rated capa- 
city of 550 or more short tons of shale per day, which is substantially com- 
plete ard ready to be operated at St. Hilaire. 


Figure 7 shows diagrammatically a vertical section of the exnerimental 
retort and connections. The retort, which is vertical, is comprised of two 
distinct but connecting sections, each traversable by a gas stream. The 
lower section is the so-called "distillation" vortion of the retort, wherein 
the shale reaches a maximim temperature during pyrolysis; it has a rectangu- 
lar cross section. The walls confining the shale in this portion comprise 
a series of superimposed bafrles that function as louvres, through which 
heating gases can pass into and through the confined shaie. This section 
is encased in a metal shell, and means are provided whereby hot gaseous 
products evolved in the proccss are caused to pass horizontally through the 
Shale confined by the baffles wee Shale is passing continuously downward 
through the retort. 


Referring to figure 7, the exhauster removes the- vapors and gases 
evoived during pyrolysis and forces’ them serially through a.dust catcher, 
conduit, and heat exchanger, in which latter thcy are preheated to 450° to 
5007 C.. and finally back to the retort. The gases thvs. prehcated travel 
through the louvres horizontally, transfcrring heat. to. the shale confined 
within the retort, and arc withdrawn by the exhauster and recirculated. A 
portion of the totai gas is continuously withdrawn and canducted to the con- 
densing system for the recovery of oil and gasoline. During this operation 
the raw Shale crusned to 0.5- to 22-inch size is fed from the charging hopper 
above into tne shale preheater. Here the shale is heated to approximately 
10°C; by circulating through it a portion of the stack gas discharged from 
the heat exchanger. The shale in the retort and preheater is continuously 
moving downwardly and finally, at the bottom the spent shale, is quenched 
by passing through a water seal and is discharged by means of a screw con- 
veyor. Heat is supplied to the heat exchanger by burning gas in the 
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combustion chamber and circulating the hot products of combustion by means 
cr the circulating blower. The gas evolved in the process is not sufficient 
to supply the heat requirenents of the combustion chamber, hence separately 
generated producer gas is employed along witu the excess retort gas. It 
will be noted that the bottom or discharge conveyor section contains water, 
wiich quenches the spent shale and generates steam, which passes up into 

the retcrt and out with the ; retort gas through the exhauster. The spent 
shele discharged from the conveyor contains 10 to 12 percent by weight of 
carbon, which ignites in the air and burns in the residue pile in spite of 
vhe cuenching treatment. 


In this operation the temperature attained by the shale in processing 
is limited to the temperature of the ges supplied to the retort from the 
heat exchanger. No air is used to supply heat by internal combustion in 
the shale mass and therefore excessiveiy high temveratures are not reached 
and cacing of the shale pieces does not occur. Furthermore, there is no 
dilution of the stream containing the oil vapors, and a minimum volume of 
gas is treated for the recovery of condensable hydrocarbons. 


Tne shale used in these tests had a calorific value of 3,420 B.t.u. 
ver pound, and the spent shale had a calorific value of 1,710 b.t.u. The 
oil content of the shale, or, rather, the oil recoverable from the shale 
as indiceted by the Fischer assay, is 6.6 percent by weight; substantially 
all of this is recovered in the processing described. The spent shale con- 
tains 1,2 percent of total sulfur, and much of this burns to sulfur dioxide 
in the residue dump. During the processing there is evolved 860 cubic feet 
of gas per short ton of shale, and the calorific value of this gas after 
removing the gasoline vapors therefrom, is 628 to 690 B.t.u. per cubic foot, 
measured at 60° F., 30 inches Hg., and saturated. 


The composition of the shale free of carbonacecus combustible matter 
is substantially as follows: 


Composition of dry shale (free from combustible matter) 
Percent by weight 


SL0deccevcccovcscccsscvescarecesoses 45.7 
A1D0Z cv erecccercrecccccecesscvocces 21.35 
FPOD0F esc wcercecvevcccrcvccsecccecens 10.5 
Ce reer re ae ee er ee ee eae ee ee 14.0 
MEO. coerce rvvccccccccsccscseseceseces aD 
SO SECS CREODR WECM OEE PERSE ARS ES 3,0 
Kn0, NaoO, and undetexmined...ceceres 5-0 


The softening point of the shale residue is 950° to 1,000° C, 


The general composition of the raw shale, with special reference to 
the oil and water evolved and the carvon in the residue, is as follows: 
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Carbon and compustible not recovered as oil.. Lis) 
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An average composition of the gas free from gasoline and oil vapors is 
as follows: 


Composition of gas 
Percent by volume 
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The air-gas ratios are so controlled in the fvel-air mixture supplied - 
to the .combustion champer that the eee content of the stack gas is less 
than 1 percent. 


The ges enalysis shows a nitrogen content of 11.6 percent in the 
scrubbed gas, which indicates that some of the stack gas circulated through 
the shale preheater passes down into the pyrolysis section of the retort... 
Apparently, operations shovld be so conducted that the flow of gas should 
coe into tne pyrolysis section rather than from it up into the shale pre- 
heater, as each 1,000 cubic feet of gases withdrawn from the system convey 
as mich as 17 gallons of oil. The gases that are withdrawn vass through. 
conventional cooiing and scrubbing equipment for the. recovery of oil and 
naphtha. Of the total oil recovered, 94 percent is classed as crude oil 
and 6 percent (recovered by tke oil -scrubbing operation! is naphtha. 


Tnese two products have substantially the following. characteristics: 


Sérubber 
7 Oil naphtha 
Specific: gravity<e<setecweecss- OSLO 0.700 
Carbon, PErCentivescsesceecesea? UO ~ ~~ = 
LOG INE NUMBER 4iso0:0 obese ees eiees & 30 . 200 
Initial boiling point, °C..... 95 2 
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_ dm this process the shale travels through the retort at such 7 rate 
that every particle remains in the retort 4 hours, although it is said that 
the bulk of tne shele is exhausted of oil in about 50 minutes. 


The fans usec. for pumping the hot: gases have water-cooled bearings, 
and although special high-chrome and high-nickel steels are not used, the 
corrosive effect cf the gases pumped is said to be negligible. 

The produce: gas used as fuel in the onveration of the vilot plant was 
made from coke, 50 kg. (66 pounds) of which was’ used ver metric ton of 
Shale treated; this is equivalent-to 60 pounds ver short ton of shale. It 
is estimeted that 60 potznds of coke foi producer gas and 860 cubic feet of 
Shale gas will be required in a 500-metric-ton-ver-day plant (550-short-ton- 
per-cay} per short ton of shale treated.’ eae : 

The estimated water requirements for a commercial unit are 70 U. S. 
eallons per short ton of shale treated; this is the estimated amount of make- 
up Weavtei? required . 


The estimated vower requirenents are as follows: From the mine, entire- 
Ly throvgh the plant, the total power required oer ton of shale treated is 
9 to 10 kw.-hr. The totai installed power in the new 500-metric-ton-per-day 
(§50-short-ton-ver-day) plant is 355 kw.-hr. The steam consumption in this 
nrocess is substantially nil, being 0.5 metric ton per hour or 48 pounds 
per short ton cf shale treated, For emergency use and firc protection, a 
capacity of 2.0 metric tons (2.2 short tons) per hour is installed. 


The company feit that the performance of tne nilot piant was so satis- 
factory that it was warranted in building a unit of this size. The future 
plans of this compeny include expanding the capacity to 2,cV00 short tons of 
Shale per day. 


One feature of this seneral process that needs correcting is the use 
of extranecus fuel, coke converted into producer gas, whereas the spent 
Shale as discharged from the retort contains approximately le percent of 
carbon, which burns in the residue cump pile. The company engineers, rec- 
opnizing this deficiency, have develcped a special burner for recovering 
heat energy from the spent shale before discharging it to the dump pile. 
In ruture developments and installctions at the.St. Hilaire plant, it is 
probable that this new improvement: wiil be incorporated and.the need for 
producer gas made from coke eliminated. 
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The total yield of oil is substantially 132 pounds per short ton cf 
Shale; this is equivalent to approximately 17.7 U. S. gallons per’ ton cf 
Shale. 


Figure 8 is a »hotograph of the new unit installed at St. Hilaire with 
an estinated Capacity sor treating 550 short tons of shale per day. 


: 3. LAVERNHE AND SEVERAC-LE-CHATEAU 

The last plants visited were at Lavernhe and Severac-le-Chateau in 
south-central France. The Iavernke plant was formerly operated by the © 
Société de Bitumes et Schistes, a subsidiary of Lavernhe HMonthandc et Aulnge, 
and the Severac plant was operated by the Compagnie Phdustrielle des 
Schistes de l'Aveyron (CISBA), a subsidiary of the Compagnie Alais Forges 
et Campaigne (AFC). These two parent comsanies have now merged and are be- 
ing operated under the name of Comoagnie industrielte des Schistes Bitumineux 
de l'Aveyron (CISBA). 


It was found at Lavernhe that an entirely different type or retort for 
processing shale had been substantially developed, which is known as the 
hareceux retort after the inventor, who is a chemical engineer for CISBA, 
This apparatus has been in overation on a pilot scale for more than a year, 
treating up to 30 metric tons of shale per day. 


The retort is cylindrical and vertical and comprises two concentric, 
upright, cylindrical shells, which confine between them a thin mass of 
duwnwardly moving crusned shaie in process, Means are provided for charg- 
ing crushed shale, size 5 to 25 mm. (1/8 to 1 inch), into the upper portion 
of the retort and for discharging the treated snale continnously at the 
cotton. The shale is externally heated through tne outer cylindrical metal 
casing, which is suitaodly confined in a furnace, and the gases are with- 
dzawn adjacent the bottom of the retort. The experimental retort is 19 
fect & inches high, and the diameters of the outer end inner cylinders are 
2 feet, and 1 foot 6 inches, respectively. Thus, the thickness cof the 
Shale in process passing downward between the two cylindrical surfaces is 
approximately 3 inches. Heating is applicd to the outer cylinder by a 
mucber of gas burners placed 120 degrees apart and staggered vertically to 
give uniform distribution of heat over the wall of the outer cylinder. 


The retort differs materially from others in that the inner cylinder 
rotates slowly and has on its outer surface cast-iron helical members that. 
cause the particles of shale in the annular space to be agitated and turned 
over ducing their downward travel through the retort, thereby facilitating 
hee ting of the shale. The major features.of this retort are shown in figure 
5, which is a ciagrammatic sectional view. 


- Marecaux Retort 
The operation of the Marecaux retort (fig. ve is substantially es fol- 


lows: Shale crushed and dried is supplied to the shale reservoir F, from 
which it feeds into the retort proper, viz., into the space vetween cylinders 
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A ent 5, a3 fast as the spent shale is removed at the bottom through offtake 
valve G eating gas is supplied through the burners tou the furnace C, and 
the Staci: saseg are remove at the top from the offtake. ‘the stack gases are 
used vor simerheating the stear. and drying the shale. The inner cylinder is 
susponasd from the top on roller bearings end is roveted by virtue of motor 
and gears D. A wetere-seal, E, st the top prevents the esceve or gases from 
the vetort. superheated steam is suprliei through the ton to the inner cham- 
per of the retort. Crenings in the imier cylinder wal? are »rovided in such 
manne: that the steam enters the shale in rrocess et many levels. A series . 
of pipes, which are a part.cf the rotating cylinder but confined on the inner ~- 
side thoreot', have a plurality of onenings at dicferent levels whereby the ~ 
Gases auc vapors evolved are removed from the shale mass and concucted away 
therefrom, discharging -t the bottom through the offtake to dust separator H. 
The superheated steam thus supplied not oniy aids in the nyrolysis of the _ 
Shale, but it travels short iistancee through the shale in process and sweeps 
the gases and vapors as formed out of the shale mass into the offtake tubes. 

n this manner a product is obtained that apvarently has not teen cracked 
appreciably by over-exposure to neat. The total yiela of cil frem this mcthod 
or treating shale, as citained in tests of this retort. was 102 pueccent of the 
Tischer assay... Air was not introduced into the system, and therefore there 
was no interpsl commustion to liberate heat witnin the mass of shale in pro- 
cess. Vowover, the stzam used was superheated to a temperature of hou? c. All 
ov the gas evolved. from the shale was used, after conicnsing and removing the 
vanovs tnerefrom, for neating the retcirt, Additional gas was required for this 
purpose, wnich wae obtained from a sevaratcly operated gas producer. 


The amount of sas evolved strictly by pyroljsis was 14 to 15 cubic meters 
E9 to 507 cubic fret) per metric ton cf shale treated; this ig equivelent 
to 401 to 515 cubic feet per short ton of shale. The gag and vepors evolved 
in the process pacs from the retert tnrough a dust seovarator and a heavy oil 
il ° : QO AW 5 . By) “ Bate ’ 
Seal-pot containing cil et lic” C., and then to a condenser s};sten, where 
middle oil and lighter oils condense and are separated from the fiz:ed gases. 


Aithovgh the total amuunt of oil producec, including gasoline, is said to 
be aS high as 102 percent of the Fischer assay yield, this amount was not actu- 
ally recovered; some ox the gasoline and light condensable hydrocarbons known 
to be present in the gas were not removed therefrom, because this was only a 
vnilot piant and the instaliation of equipmeny necessary for reccvering these 
products was considered unnecessary. it is known that because of the high 
Sulfur content of the gases evolved from the shale, unusual methods for re- 
covering them from the light hydrccarbons will be required. The total amount 
of oil actually recovered from the Shale treated in this retort, exclusive of 
the gasoline vapors left in the cas, wes 41.03 xg. per metric ton, or €5.66 
pounds per short ton os shale; this yield is cquivalent to 92 percent of the 


TT18 ba J on . 
Fischer assay. 


ine maxirium temperature in the furnace was 7C0° C., whereas the maximum 
temperature of the outer retort shell, which is tae heating surface or the re- 
tort, wes 550° C, The temperature cf the gaseous products of combustion leav- 
ing tne furnace chamber at the top thereof was Oh C., whereas the maxinum 
semperature reached by the shale in vrocess was aposroximately 450° to 475° Cc. 
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The total heating surface of this retort was 9 square meters (96.8 square. 
feet); therefore, the amount of shale that could be treated per day amounted 
to 5.2 metric tons per square meter or heating surface, which is equivalent 

to 675 pounds per day per square foot of heating surface. The gases and vapors 
are removed from tue retort under a pressure slightly below atmospheric, 
whereas the steam supplied to the shale through the inner eynendr ices chamber 
is at a pressure somewhat above atmospheric. 


The amount ofisteem: used was 40.to 50 kg. per ‘metric ton of shale, or 80 
to 100 pounds per short ton of shale.. The shale charged per day was 50 metric 
tons maximum, which is equivalent to 35 short tons per day.- The shale charged 
Ww2S approximately 23 pounds per square foot ‘of heating surface per hour, Tne 
rich gas meee: was l, 030 ‘cubic feet. per. Snort ton of dry Shale. 


The actual heat energy supplied to the retort was said-to-be’ 260, 000 ee = 
celories per metric ton of shale; this-ig equivalent to. 936,000 B.t.u. per 
short ton of shale. Tie steam ‘used Was produced ‘from the water -jackét of the 
gas producer. Inasmuch ‘as the gas, producer wag oversize, as. compared ‘to the re- 
tort, it is not clear whether enough. steam Will be produced in this manner in. 
commercial installations. The producer gas was made from semicoke, but con- 
sideration has been given to the possibility of using the carbon residue in 
the spent shale as a source of heat for heating the retorts,. ana expériments 
will be conducted along this line when tne larger units are employed. The 
amount of producer gas required may be approximately determined by difference, 
as follows, on the basis of 1 short ton oF shale: , 

Bates’ 
Diag heat peer teeeey reereery +956, 060: 


+e f @ & 


As the heating ois of thé eeaueae aan re 80. 5 B.tu.u per cudic foot (nigh 
value, 60° F,, 30 inches Hg.', saturated), the amount of producer gas required, 
according to the foregoing, is 667,000 + 90.5 = 8,523 cubic. feet.per short ton 
of shale. These figures are not in ‘complete. agreement with, the.results of a 
series of tests made in the experimental retort ‘wider the guidance -and assis- 
tance of a French engineer reporting qn this “process. The results obtained 
in the course of the latter tests are as. follows: 
= Per short ton of 


dry shale treated 


Pounds 
Products: 
Middl 6: Ol) ciuawsatscaweww bins esa iieeeteeuseeneeeoees - 68,26 
Feavy oil, water and dust deducted....cecescccecceres 768 
Ctrer con@enSation PproductS.ccccccscccccesscsseccvees 1.6 
Gasoline an: the: GAs. 3-44s.s24saseewieteewease swe eaees 74 
- Cubic feet 
Pyrolysis gas (at 60° F., 30 inches Hé., saturated ).ccoccee - pis) 
Gas actually withdrawn from the retort containing some 
recirculated producer GaScccercasccororcccceresescveveeres - 1,134 
Consumption of lean gas (producer gas plus fixed gases | 
cf vyroly 
2 a ate retort DULNELS.esacccececccccevccveccucone 12,474 
(b) For injection into the Oven.ercsevecescercvcveses 605 
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Per short ton of 


ony Shale treated 


_ Pours 

Material balance: 
Miacl Se Cl SOCOVEN eC s4.4.5.0s ees e euwuneeeweeeseus seewees 68.26 
Heavy oil, water nnd dust deducted. .cccccccvccccsensces TsO 
Other condensed TAG Gt cengeaa wang eaieeceaes we ewes o6 166 


Total es aoe es dae taran stacey Ge tad vpn lohena nea aca ehe ve aii  caeeee . Tot 
Gasuline in the gas (density 0.661). .cccccccesccsesecce ot 


total Liquid psoducts FYOUUCEL. ee sccccervevcscceces Pree 

(Total liquid products produced =4+.254 percent of the dry shele treated) 
LWeechagcnic mr os ewer re ere re eT Creer eee eT ree ee er Dee fe 
Watex of COPAENSALLON. cerereccccvovsccvcesrvvccsvevervecsere 20.0C 


Shale LOBLAUCs coccovcorescccveseccveesreseeeseresesesscosers 1, 862,22 


Oil content, 


O73 


Grand TOLAL se ocecccvcccrcvercccvarccecccervescssesesvreces 2,000,900 


according tc Fischer assay test = 4,2 percent 


Characteristics of products consumed and recovered 


Midgule oil: 
Miactle on GL (density eat 207 Ca  eecgets eidiocda ghd ae Seis ROS ewes 0.940 


Vator c 
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DUBS: PERCSNiwasecesGsdunssie eee esse eeaseeseaceesaeeee “C00 
Nese nagar ere ee on a ee ae ee ee a er ee eee ee ee ee ee a ee ee eee arace 
UL Gr, PET COnt cede sre sis see ERNE CS OVE eMeeeeesaae. Deer 
Phenols, PEYCONE. coccoccsocacevesoressvcescveesevveceseve L.] 


Viscosity centistokes: 


At 


At : 


At 
At 


CO™ Cuca ciegina desc eae Cees teen eaeeeineaeebeesesa: LO 
oS Sos ca: a wee Wo web aa OSes RS WG WE 6 WO Wee ate ae G 
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100° Corerevececcrerorerssseerereserserssreresesers 


Fracticnal distillation: 


First drop off at 108° C, 
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3C 


Balaiic 


+O 
Mo 
6C 


1G 


cy 
OO 


percent off at 160° CG, 
percent off at 205° C. 
percent off at cye C. 


OL dist illetion conducted at 2 mm. He. absolute pressure: 


percent off at 12° ¢, 
percent off at 150° Cc, 
percent off at 205° °C. 
nercent off at 2h5- Cz 
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Heavy Oil: 


Heavy oil (density at 20° Ci). cccesveovecee 1,0 
Wacer CONtENl,. PeOLCEN isd sssse sete siwtaw casio “269 
DUS, DEV CEN cc atagecwGerecwelreeeeeweewenea> (60 
ACI CU ycscdncataigvietaiese ve cadesnteneieeiena: On 
SUS. SWET COM Coane: web wie Wel oils, are eueeo ere wstareereentoa,  “C 
PHGHOIS,. NETCONUcwoseeeeaseeesiwewesiesceae. 20s 


Viscosity ote as 


AOC Cie ca cicsa soe dadaeerne vaseeasedas 22) 20060 
At es Cia dvernedaena ewa sonia eee sae 300.0 
At 50 DOC ee neteatrecsseetenseeseneneees JO 
PE. OC "Ue aici ets eewie saw wes sewer eteees 10.5 


Distillation under vacuum 


Absolute | 
pressure, | Density 


fraction 

percent 
distilied 

10° T° 
20 
Fs 50) 
LO 
50 
60 


Temperature, 
sae 


Residue, DEP COMMU ws. w oe-6 W G5 5 se: orb h cas eleva 0 6 6 00 te xd etees foe) 
Loss and. “unaccounted: Tor, Percents.sivivesscsceeses (2D 


Composition of gaces 


Composition of lean gas: | . Percent by volune 


CO eos Ceeree eae tie ec eeenenG wee nee 5 S| 
CO“ sda tei aioe et betwee 6A ease eames ae 18.4 
LLG eisai eisgnaicane 50.6) braless Siete Gvere ares wuss 8.2 
Or Ce eee ee re eer ee Traces 


N., (by UIT TEPENCE) sco seenkedeee aes 63.9 
; 100.0 


Low heating vaiue..........(70 Calor: =€S per cubic meter (80.5 B.t.u. per cubis 
foct at 60° F., 30 inches Hg., saturated): 


Calculated composition of pyrelysis gas 


3 Percent by volume 
TSO Gb. 5-S 1b Bate eae aw ee ee a 


CO 7 cise atsas deere cee 
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tris is the compesition or the-gas after the removal and condensation 
or the nisher hydrocarbons ; ‘and it-has a value of 4,€00 calories per cubic 
meter (401 o.t.u. per  euble Foot, higher heating. value at 60° F., 30 inches 
Hee, and saturated); it is ee thet normally the true heating value cf 
this ges is 4,500 to 5,000 calories per.cubic meteor (470 to 522 B.t.u. per 
ciibic foot higher heating value at 6C% Fe, 30 inches Hg., and satureted), 


Total leat Supplied to: pone: EO . 


the heat enei¢y eupplied to oe eee rt is. as. follows: 

~ er Btu, 
(a) Lean gas to heat Sehore ~ 11,35 0 cubic 1eet per short ton 
of dry shnle- 8666.5 otasks Der Cusie Tosti; .sseweveseeca. 914,000 


a: 


(>) Injection (per short ton of dry shale): 


503 cubic reet.or lean i ee ee 45,400 
56.9 pounds of steam at 100° C, (212° Fi. )e.ececescceceves (6,000 


Totel Ieee per snort ton of ary SEC: oe seve Greco w ee. ee ewes esas 1,055,400 


It should be noted that the injected gas referred to above is that pore- 
tion of tne total lean gas that is intrcduced into the dry-shale reservoir for 
the purpose of preventing tar vapcrs from accumulating therein and which ulti- 
mately passes down into and through tne moss of ‘shale in process. 


Although the Marecaux retort has not been tried on a large scale, it ap- 
vears that surficient data ere 12t hand to permit computing the results that 
might be expected, with a larger unit, and there anpoars to be no reason a 
why the smoothness o. operation in tne pilot plant should not also be experi- 
enced in a commercial installetion. “he comnany is so satisfied that this re- 
tort is economical and an improvemert cver retorts used in standard practice 
that two commercial units of 120 tons each are now under construction at their: 
plant at Severac, 


Since the merger of the two companics referred to abcve, plans have been 
formulated for a large-scale study of shale processing. it is proposed that 
there will ultimately be installed at Sevcrac processing equipment capable of 
treating 3,000 tons cf shale per day. At this plant there is now under con- 
struction one Petit furnace, one Lantz retort, and two Marecaux retorts, The 
“ Petit retort is being installed, it is said, chiefly because the meterial can 
be chtainec at this tine; no information was available that would lead one to 
believe that results thus far ovtained in experimental operation of a small 
Petit retort were better, in gencral, than tnose that might be obtained with 
cither the Lantz or Marcecaux retcrts. : 


Petit peter 
The Petit retort cayenne at Crenosle (by. CISBA} on a pilot-plant scale 
only avparcntly has never been oporated on a scale larger than 8 tons per day. 


At least, the authors do not heve any information relating to a larger-scale 
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operation. The process differs from others chiefly in the fact that the shale 
prior to distillation, is wetted with the shale oil from previous distilla- 
tions, the oil-wetted shale subsequently passing through a horizontal, rotat- 
ing, externally heated cylindrical retort comorising two concentric cylinders. 
The snele in process is caused to pass serially through the inner cylinder 

end back in the reverse direction through the space between the cylinders, 
discharging at the inlet end of the retort. (The pilot plant employed only a 
Single, one-pass, cylindrical retort; the retort under construction, and on a 
larger scale has the double cylinders.) The object of the oil-wetting treat- 
ment is to cause solvent action and deploymerization of the kerogen. Owing 

to the fact that only a small nortion of the retort heating surface is in con- 
tact with the shale in process, and because of the general nature of the 
methods employed for applying heat to this retort, it is doubtful whether it 
will be of interest in the treatment cf American shales. The retort, being 
externally heated, is confined in a furnace, thus exposing a large outer sur- 
face for the radiation of heat. The information available to the authors of 
this peper relating to the performance of the Petit retort is too meager to 
warrant making positive statements regarding its performance and utility. More 
information will be obtained through the operation of the retort now being in- 
stalled at Severac. 

The authors wish to acknowledge the wholehearted cooperation of the di- 
rectors and officers of the companies contacted and their engineers who were 
most cordial and helpful to them in obtaining the information relating to 
the development of an oil-shale industry in France. 


REVIEW OF LITERATURE ON OVENS AND RETORTS FOR TREATING DITUMINOUS SHALES 


While studying the develonments in France in the production of shale oil, 
there was mace available to the authors a report prepared rather recently by 
a French research association reviewing the various available processes and 
types of retorts as to their applicability end possible usefulness in the 
treatment of French shale. This report contains so much useful information 
relating to present practice and tendencies in this fieid that it has been 
translated and is presented below in lieu o: a description based upon infor- 
mation obtained elsewhere relating to the same subject matter. The figures 
have been rédrawn and are not exact copies from the report. 


LITERATURE REVIEW BY 
CENTRE D!ETUDES ET DE RECHERCHES 
DES CARBURANTS ET pes DE REMPLACEMENT, 
TUNE 1943. . 


Pyrcgenation Ovens ror Bituminous Shales 
General Considerations 
Bituminous shales consist of rocks containing a certain proportion of 


organic matter known as Kerogen, which furnishes a mineral oil by pyrolytic 
distillation, 
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This oil does not exist as such in the shales. In fact, when shales are 
treated with the customary organic solvents, only traces of resinous products 
are obtained. Consequently, the oil is formed through the pyrolysis of the. 
organic matter criginally present suostantially as the carbonization of coal 
forms tars that did not exist as such in tne original matter subjected to the 
pyrolysis. This characteristic differentiates shales from impregnated lime- 
stones, the organic compounds. of which distill without decomposition and which 
are soluble in solvents, which indicates that they existed as such in-the rock. 

The organic matter of shaies has a hydrocarbon basis. It contains, be- 
sides carbon and hydrogen, some oxygen, nitrogen, and sulfur. It is possible 
to recover tne nitrogen as armonia, whereas sulfur is an interfering element, 
the elimination of which reauires costly refining. However, attempts are be- 
ing mace to recover the sulfur from the ny onoeen sulfide evolved during 
distillation. 7 


Upon heating in enclosed vessels, Shales ‘yield combustible geses that 
carry a certain proportion of light benzine, crude oils, and, if the shale 
is heated to a high temperature at the end of the operation, ammoniacal 
water. There remains in the retort mineral matter and fixed carbon. 


The cistilla ion temperature is about 450° C., the oil being driven orf 
between 420’ end ace C. The reaction is slightly exothermic. At 450° C,. cer- 
tain shales show a tendency to soften and to cake or acglonerate. it will be 
seen later that this charecteristic greatly influences the type of apparatus 
to be used for the pyrolysis. 


The residuel mineral matter consists of complex silicates containing 
nostly alumina and ferric oxide. Their soirtening points vary, depending, on 
tne oil content of the original shale; for French shales it is seldom lower 
than 1,000° C, 


These mineral residues revain fixed carbon in a very finely divided state 
and in a very reactive form. This carbon is readily combustible, and it can 
thus be utilized as a fuel when the carvon content is higher than about 6 


percent. 


if the pyrolysis of the shales is carried out in the presence of steam, 
distillation is more rapid and yields of oil are larger. Moreover, a good 
part of the nitrogen is changed into ammonia if the temperature is nigh enough. 
Shale cil differs from petroleum in that it contains a larger proportion of 
unsaturated hydrocarbons; it diifers from the primsry tar from either coal or 
lignite by its lower density and lower content of phenolic compounds. 


Characteristics of Bituminous-Snale “Ovens 

Vihereas the pyrolysis of coal and lignite produces solid, liquid, ‘or ~ 
gaseous conmmounds, all of which have salabie values, the treatment of shales 
is complicated by. the presence of an enormous proportion of worthless mineral 
matter, which has to be handled and the heat of which is a total loss. The 
existence or this worthless gangue determines the general characteristics — 
that are common to tne various tynves of shale ovens. 
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(a) The cost and size of shale 


The most important problem is to reduce the cost of handling the inert 
constituent; that is to say, reduce to a minimum the cost of the shale brought 
to the plant. This is a problem that affects subsequent pyrolysis only with 
regard to the size of the shale. It can be seen that for economical reasons 
crushing should not be carried out farther than is necessary for a g00d heat 
transfer; shale ovens should be able to handle medium sizes, the pyrolysis 
of the fines being limited in this industry to the amounts of fines unavoid- 
ably produced in the crushing operation. 


o 


b) Apparatus 


As dense and cheap material is being handled, carbonization must be car- 
ried out at the maximum rate without interruption, that is, shale ovens must 
be run continuously. Throughput also mst be very large s0 as to spread ex- 
ploitation costs and plant amortization over as large a daily production as 
possible. To diminish the original plant costs, upkeep, and chances of break- 
down, simplicity of design is essential. Consequently, mechanical ovens, 
which require extra power, are generally given secondary consideration. In 
fact, mechanical ovens are used only for treating fines or shales having a 
low softening temperature. 


(c) Heating 


1. Thermal balance. - It is generally true that a suitable thermal 
balance must prevail for any given oven for economic reasons; the same rea- 
sons demand that the thermal balance of a shale retort must be equally satis- 
factory. This study, however, should not be based solely on averages. It 
should be emphasized that numerous shales present important differences in 
composition, in particular in oil and fixed carbon content, anda these varia- 
tions greatly influence the various items of the thermal balance, 


The water content as well as the volume and calorific valve of the 
evolvea gases should also be taken into account. Moreover, although the exo- 
thermic heat of reaction is low, it depends, nevertheless, on the amount of 
oil present and cannot be neglected. The metnoa for using the heat in the 
oven mst also be considered. 


Logically, the first step is to recover noncondensable gases and use them 
to heat the ovens. However, in most instances this source cf heat has not 
been sufficient. It is natural, therefore, that the use of the fixed carpon 
present in the mineral residue from pyrolysis has been considered to furnish 
additional heet. Combustion is possible only when the fixed carbon content af 
the residue is not lower than 6 percent. Under these conditions, and, of 
course, when its carbon content is higher, the thermal balance will show an 
excess of usable calories, It follows,therefore, that in many cases the fixed 
carbon alone can furnish sufficient heat for the pyrolysis of shale, and that 
it is possible to obtain better utilization of the noncondensable gases. At 
least, this is the present tendency. | 
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<. Heating method. - Pyrolysis can be accomplished by anplying heat 
either internelly oz: exte:naily, as in ovens for making wood charcoal. 
ban Gamalats J. Cesc fer Pata tdi teat 

Inteznal heating, in waich the required heat is carried through the mass 
of the shale by fumes or vy geses suitacly preheated, is paiticulerly conven- 
ient for treating large pieces. This proceiure Sie 6 the best distribution 
of the heat into the product being treated. Its apriication a ‘vertical 
oven, in which the rock travels from top to bottom by grevity, constitutes 
the most economical kee ting system. Moreover, the circulation or the gases 
cerried out the oid as soon as it is formed, thus limiting cracking. How- 
ever, dilution of the vapors of pyrolysis, rich in valuable products, into a 
larger volume detiands the installation or large and costly condensation 
systems, 


Internal heating is not applicable to the treatment of the fines, as the 
compact mass interfers with unisorm circulation uncer moderate pressure of 
the combustion vapors. lIxternal hectirg is emnloyed in the treetment of these 
fines, in which the material is moving Ina retort extevrelly heated by the 
comoustion gases. To recilitate the transfer o: heat through the poor 
conducting macs’ ci the shale it is necescary %o operate ina thin — and use 28 
wechanical stirring device to pving tne various surfaces in-contact with the 
hot walls of the container. 


‘q) Yiela 


A good oven must yicid, 1rrom shale treated therein, as much oil es poss- 
ible. Yields are influenved by a number of factors, the foremost being 
nioper temperature. it is important that seconcary reactions, which may 
transform the initial decomposition products, be avoiced. ‘Tre extent to 
which secondary reactions taxe nlace is a function of the reaction velocity, - 
which in turn is influenced by the temperature, the time required for the 
vapors to pass througn the reaction zonc, the emount of stcam injected, the 
influence of the wails cf the reaction chamber, and the concition of the 
Charge. All of these vactcrs must be controlled in order to obtain the maxi- 
mum yield of crude oil. However, when conditions are such that the extent 
of secondary reactions is reduced to a minimum, tne yield of benzinre may be 
iow. The amount of benzine is larger if the cil has been submitted to some 
cracking in the oven and if conditions are chosen so that secondary reactions 
are allowed to proceed to sone extent. This incresses the volume of gas 
formed, and the yield of crude oil is wnfavorably’ influenced. It seem prefer- 
able to attempt first to extract from the shale the largest possiole smount 
of ofl and to crack this oil ee in a separate operation, if Jargse propor- 
tions of light carburants are desired. : 


These are the princival characteristics or shaie ovens. kach type of 
oven diifers by the meanness in whica the results are obtained. -It follows that 
the same shale treated in different ovens will give different results. In 
view of the great difference in composition of shales, the choice of an oven 
is particularly difficuit. It appears that the probiem can be viewed in the 
light of two distinct sets of considerations: (1) Those relating to the 
quality of the shale to be heat-treated, and (2) those relating to the heating 
procedure. 


S73 aC ie 


Google 


I.C. 7348 


1. Shales will react under pyrolysis according to their softening ten- 
dencies, Whereas poor shales can be treated by simpler methods, such ag one 
wnereby the spent shale drops out by grevity, rich shales eRcreray require 
apparatus designed to avoid agglomeration and caking, 


Again, treatment of fines usually reaulres a particular technique, in- 
cluding arrangements for external heating, which will be described in the 
discussions of. such ovens, 


2. Although the neating procedure appears to be largely independent of 
the characteristics of the shale, it does depend on the quality and sales 
price of the combustible and the usethat can be made of the residual gases, 
In most instances it will be more practical to burn the fixed carbon in the 
oven itself. But it is sometimes advantageous to carry out this combustion 
in a separate producer that is easier to run, the required heat being fur-_ 
rished, if necessary, by the combustion of cheap shale; finés, or even coal. 


As these considerations are sometimes in opposition, it is desirable, be- 
fore choosing an oven type, to test the shale in a unit already existing. 


Classification and Description of the Principal Shale Ovens (Retorts) 


Shale retorts are generally classified according to their heating proce- 
dure. We shall follow this rule and examine (1) retorts with internal heat~ 
ing, (2) retorts with mixed internal-external heating, and (3) retorts with 
external heating. In each of these classifications only the well-known and 
used types will be descrided; we shall discuss new types only if they have 
been submitted to industrial tests, 


1. Internally heated retorts 


These retorts, in which the heat necessary for pyrolysis is transported 
by a gaseous fluid in intimate contact with the mass under treatment, have 
the advantage of an excellent transfer of heat throughout the mass of shale 
in precess, However, owing to the fact that resistance to the internal cir 
culation of the heating fluid must remain normal, these retorts can only treat 
shales of such sizes that the loss of unreacted charge will be low and suffi- 
clently uniform, that the passage of the gas be distributed uniformly, The 
height of the layer under treatment must also, -for the same reason, be judi- 
clally limited. Finally, one must consider that the circulation of consider 


eble volumes of gases and vapors can carry dusts even as far as the condensation 
system, 


Tne main disadvantage of internally heated retorts is that they require 
large and costly condensation equipment, as the oil and gasoline vapors ob~ 
tained by pyrolysis are diluted by a large volume of inert gases. The im- 
portent disadvantege, however, is limited to a certain class of internally 
heated retorts, In fact, heat transfer can be carried out (1) directly in 
the mass to be heated, by fumes or hot gases coming from the combustion of 
the residual carbon or the distallation gases (retorts of this kind are of 
direct internally heated type), and (2) by recycling the distillation gases 
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previously preheated by an exterior source of heat. These retorts are said 


to ve or the incirect internelly heated tyve. 


In the first method there is considerable dilution of the vapors by dis- 
tillation gases. In the second, nowever, in which the recycle gases and com- 
bustion vapors follow separate cycles, only the recycled gases are condensed. 
It is even possible, as in the Kivioii and Grande Pariosse retorts, to-con- 
dense only the excess of the gases being recycled. The volume to be con- 
densed is thus reduced to a minimum and allows the use of small condensation 
plants. 


The following classification, according to increasing complexity in the 
gaseous cycles, has been edopted to describe tkese retorts. 


(1) Direct internal heating 


(a) LaPorta retort. - Recycled gases and carburetted air are intro- 
duced at the base of tne retort. 


‘(b) Pintsch retort. - Recycled gases are introduced alone without 
preheating. 


(c) Puschin retort. - Recycled gases are introduced after preheating. 
(a2) Roma retors. 


‘Cled gases, aftcr preheating; are used 
the pyrolysis. 


partly for prearying and partl iy ro 


o 
oO 
oO & 
aa) 


(2) In 


direct internal heating 


(f) Grande Paroisse retort. - Recycled preheated gases and stack 
gases flow througn the shale over different circuits. 


(g) Kivioli retort. 


(2) Direct internally heated retorts 
(a) LaPorta retort (fig. 10). - Used by Asfalti-Bitumini -Combusti tilt 


Liguidi ‘Derivati,, an Italian corporation. 


This type of retort has been used in Sicily since 1918 for the treatment 
JE 
of pocr asphaltic limestones and gives, by distillation, 6 to 12 percent oil. 


As the mineral residue of Sicilian asphaltic limestone contains very 
little fixed carvon after distillation of the oil, the LePorta retort, the 
elevation of which is similar to that of a lime kiln, has been designed so 
that combustion of a part of tre bituminous substances of the rock will fur- 
nish the heat necessary for pyrolysis of the remainder. ‘This process, which 
resembles the Meiler wood-carbcnization process, in which some of the wood 
is burned in order to carbonise the rest, is justiriead in Sicily, where rock 
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FIG.10.LA PORTA RETORT, DIAGRAMMATIC VERTICAL SECTION. 
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extraction is cheap and no other combustible is available. Oils costing 
4,000 francs a ton could not be used as combustible in France. 


. In the lePorta retort the rock avepe by gravity een the top to the bot- 
tom, and the mixture of air and recycled gas circulates counteraurrently. 
This mixture, injected at the base of the retort at a temperature of 120° C. 
will be heated by the spent shale, which is thus cooled before being penieved. 


The gaseous mixture then passes. through a layer still containing some 
organic matter, which burns in contact with the air present. and the heat 
generated, which may raise the temperature of the shale to 750° C., promotes 
distillation of the cool shale in the layer situated immediately above. Cairy- 
ing the distillation vapors, the gases then glye up a part of their heat to 
the fresh shale and leave the oven at a temperature of 80° C. enroute to the 
condensation plant. After: removal of condensable vapors, some of the gas is 
recycled to the oven, the remainder being discharged to the stack. Four 
zones thus are formed: = 
1. Preheating and drying. ccscscoccccsccsecvececeee  PO-200 
Ser SDIBLIIIA CION ssn ciewea do Weeds esse ease seen ous 200-450 
Se. CQMDUSC Otic caisig sss siibinG cae w esis ewhewe a Ghee euee 80-700 
4, Cooling of the residue and recovery of its sensible heat. 


Owing to the low teuperature of -the :gases coming out of the retort, some 
entrainment of the oil takes place as well as some retrogradation of the 
heavy fractions in the hot zone, where ees harmful to oil agi takes 
place. | 


The thermal balance assumes or about one-third of the oil contained 
in the mineral is burned to furnish the heat necessary for distillation and 
that two-thirds only are recovered in the form of salable products. In Sicily, 
the mineral composition of the rock permits utilization of the residues in 
the manufacture of cement. The temperature mist not be raised above 750° C 
to avoid decomposition of the limestone, which is endothermic. 


To summarize, the LaPorta retort permits treatment, without consumption 
of fuel from other sources, of poor asphaltic limestone found locally, but 
the low oil yield linits ‘its use to very special conditions, such as the 
Sicilian kono eaten 


(bd) The Pintsch retort, which is used in Estonia for the pyrolysis of 
kukersites rich in oil, haa the general appearance of a gas producer. It 


employs direct internal heating. pee ll isa oregrouma tre vertical sec- 
tion-of a Pintsch retort. 


Gasification of residual carbon in the lower interior zone furnishes to 
the upper layers the heat necessary for pyrolysis of crude shale. — 


The Pintsch retort is a vertical cylinder of 2.25 m. (7.4 feet) interior 
diameter and 6.15 m. (20.2 fe eet height made of sheet iron lined with 
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refractories. Tne shale broken to 40 to 175 m. (1.6 to 7.0 inches) flows yy 
gravity. The ease with which the kukersite softens end agglomerates, forming 
clinkxers that viccix passage to Eases and heat transfer, constitutes the prin- 
Cipal problem. Jt has peen solved partly by allowing; the rock to travel dam- 
ward at a very rapid rate so as to reduce the time over the hot region; also, 
vy following a more careful classification of the shale sizes. This has been 
done by putting a cone below the charging hopper. The pieces will either 
slide or bounce onto the cone, according to their dimensions, and fall into 
the oven, tne large ones going to tne middle and the smaller ones to the edge. 
This | disposition, by assvring nore even passage of the gas, avoids local over- 
heating. The shale remains in the oven 12 hours, ‘The residues are removed 
dry by means of a revclving bottom, an arrangement similar: to those used in 
gas producers. Comoustion of the residual carbon is erfected by injecting 

air at the base of the oven. However, tc avoid rising temperature in the 
pyrolysis zone, which might cause softening, there is also injected, somewhat 
above the air ports, about one-third of tne mixture of distillation gas and 
vapors, which arrive, coclec, fron tie condensers. 


In this oven (of simple construction and low cost) the yield of oil is 
about 80 to Sd percent: of that obtained with the rischer retort. 


(c) The Fuschun retors' (figure 12) is used in’ Manchiria for the pyroly- 
sis of poor shale containing 5 to 6 percent oil. It is based upon the same 
principle as gas producers. for the recovery of tar and consists of two cy- 
lindrical sheet-iron receptacles lined with refractories, which are Bsunerin- 
posed and connected by a narrow section in the form of a truncated cone, The 
fixed carbon is purned in the lower receptacle by injection or steam and air, 
anc. the resulting EAoGs vass through the upper section, which functions as a 
distillation retort. thus the Shele mags is heated internally. 


- Owing to the low fixed-carbon content (about 4 percent), the gas fur- 
nished by the lower section —* insufficient te elfect complete pyrolysis of 
the shale. Conseauentlr, some of the distillation gases are recycied at the 
base of this retort after being freed From condonsanl 3 venors and reheatecdc,. 
This reheating, which is accomplished by the comoustion of another fraction 
of the distillation gases ina superheater, is ccnsequently carried cut 
externally. . 


The distillation retort has an inside diameter of 2.0 m. (3.5 feet). 
Tts volume of 20 eubic meters (706 cubic feet) corresponds to 20 metric tons 
(22 short tons) of shale broken to 10 to 75 mm. (0.4 tc 5 inches), For a 
production cf 50 metric tons (55 short tons) per day, the shale remains 3.2 
hours in the distillation zone. The producer gas end recycled &as reach the 
distillation retort at a temperature of 550° to 650° C., drop to 450° to 
500” C. in the distillation zone, and emerge from the oven at 150° C. For 
the pyrolysis of l ky. (2.2 pounds ) of Fuschun shale, 200,000 calories, of 
which 50 percer.t are furnishec by the gas proaucer, ere necersary. This is 
equivalent to aoproximately 7&0, C00 5.t.ue per ae ton. The yield in oil 
is about 95 percent or the Fiscner assey. 
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FIG. 12. DIAGRAMMATIC VERTICAL SECTION 
OF THE FUSCHUN RETORT. 
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The producer section has an inside diameter oi 3m. (9.85 feet); its 
volume is 27 cubic meters (953 cubic feet). The shale remains 15 hours in ~ 
the retort, when production is 50 metric tons (55 short tons) per day. The 
so-called "coke" from the distillation section drops into a perforated brick 
dome that forms the upper portion of the gas producer. It is piled against 
the outer walls, leaving; free passage for the gases under the top of the 
dome. The temperature of the "coke" is 500° C. The gasification reaction 
is. accomplished at 1, 000° C. The Fuschun-shale mineral’ residue melts at 
Ba 300° C. There is consequently a possibility, by fusion of the ash, of ob- 
struction, interference with the gasification, and difficulty of extraction 
of the ashes. This problem hes been soived by providing the lower portion 
of the producer with a revolving bottom similar to that of the Mond producer. 


From a shale that yields 6 percent oil, a "coke" containing about 6 per- 
cent residual carbon is obtained, giving, in a producer, a gas of the follow- 
ing composition: 


Percent by volume 
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Calculated high heating value at 60° F., 30 inches Hg., saturated - 93.3 
B.t.u. per cu. ft. By mixing with the recycled gas, these values become: 
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Calculated high heating value at 60° Fey 50 inches Hg., saturated - 134.5 
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(d) The Rama retort as the previously described LePorta retort, has 
been designed ior the distillation of asphaltic limestone of Sicily. Conse- 
uently, this retort does not provide for the gasification of the residual 
carbon, heating being carried out entirely by the combustion of the distil- 
Jation gas. Figure 15 is a diagrammatic sectional: view of the Roma retort 

and condensing system. : 


The retort resembles a lime kiln, being 12 m. (39.4 Peck. high and 2 m. 
(6.56 feet) in average diameter. The gaseous distillation products leave 
the top cf the retort and, arter condensation, part of them are sent to the 
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base of the retort, where they are burned, and part, afte: reheating to 
510° C., to the central zone. Throughput. is 210 metric tons (231 short 
tons) per day, and the yield evyuals U5 percent of the Fischer-assay yield. 


_a2he- Kona retort has been used witn success in carbonizing the cales 
lei't seer extracvion of olive oil. 


eh Lurgi retort. - Figure 14 is a diagrarmatic sectional view or a 
Lurgi retort showing the gas-circuleting system. This retort, which is in- 
ternaj.ly directly heated, is composed of two recta: gular, euperimposed, and 
distinct sections, each 5.6m. by 3m (13.4 by 9.85 feet) in horizontal 
-Sectionai dimensions. One of the sections constitutes the drying chamber, 

A, and the other the pyrolysis chamber, B, to wnich is attacned charber C 

‘for combustion of the residual carbon and. cooling; of spent shale. The dis- 
‘tillation gases mixed with gaseous products of combustion are withdrawn at 
about the middle of the retort, above the pyrolysis chamber, and led to the 
condensavion units, The cold noncondensable gases are recycled as follows: 


A fraction is sent to a burner placed beside the arying chamber, to 
which a fan sends the combustion gases and circulates thei in a closed cir- 
cuit. The excess of the recycling is rejected to the atmosphere with a mix- 
ture of watcr vapor and hydrogen suifide evcolved from the -cruce shale. Tne 
average temperature attained by the shale in .the drying chamber is 150°*C 


Another portion of the noncondensable gases is sent to a burner placed 
beside the pyrolysis chamber. The gases thus produced are directed into the 
middle of the mass under treatment, thus providing the necessary.heat. A 
third. fraction of the noncondensable gases is conducted to the vase of the 
retort as a coolant, where it recovers the heat of the spent shale; it is 
then conducted to the nyrolysis, zone, where it rcgulatcs (moderates), more 
or less according to the amount furnished, the. tomperaturc -of the gases com- 
ing from other parts in the zone. . Se 


The Lurgi retort is of simple construction and operation. It has a high 
throughput = about 300 metic tons (530 -short tons) per day. Its yield of 
oil is about 94 percent of that obtained -by the Fischer test. 


(2) Indirect internally heated retorts 


(f) Grande Par oisse retort. - Figure 7 is a diagrammatic sectional 
view of the Lantz retort oy the Grande Paroisse with gas-circulating systems. 
In this retort pyrolysis of the shale is accomplished by its own distillation 
gas taken as it leaves the retcrt and recycled after reheating without having 
been submitted to intermediate cooling. The necessary heat for reheating the 
gas is obtained from a heat exchanger, which obtains heat energy through 
combustion of the excess noncondensavle gases plus producer gas. The products 
from this combustion and the distillation gases follow two separate circuits 
as shown in Tigure re 


The apparatus consists of a vertical tower, A, made of special sheet 
iron, of rectangular section, divided into two carpartments by a suitable 
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FIG. 14 DIAGRAMMATIC SECTIONAL VIEW OF A LURGI RETORT; 
CIRCULATING SYSTEM SHOWN IN ELEVATION. 
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narrow section, B, which allows the shale to go through, but the resistance 
of which will prevent passage of the gas from one compartment to the other. 
In operation, shale broken to 4 to 60 m,. (0.16 to 2.4 inches) flows down- - 
ward by gravity successively through the drying and preheating compartment, 
C, wherein the shale attains a temperature of 180° to 200° C., and a pyroly- 
sis campartment, D, in which the shale is heated to 430° to 460° C. Special 
louvres are provided in the wall to allow horizontal circulation of the heat- 
ing gas, which is the separately heated shale gas liberated in the process. 


As a source or heat, one may use either the heat of combustion of residual 
carbon or other fuel in a circuit especially provided, or the gas from the 
gasification of this carvon in a producer, followed by the combustion of the 
producer gas thus obtained in a refractory brick-lined. chamber.. It is in- 
portant, particularly in the first case, to avoid unnecessarily high tempera- 
tures, which might fuse the residue. The distillation gas, after removal of 
‘the gasoline, can also be used to furnish an important | part of the necessary 
heat. | 

The gaseous products of eaatiaset a  hegoenatuneret 750° C., enter a 
heat exchanger, releasing heat energy to the separate circuit of distillation . 
gases; they are then sent to the drying-preheating compartment, SISAL a more 
heat, and are finally discharged into the plmoepnenas: 


The recycled distillation gases cross the pyrolysis soeenent horizon- 
tally and rapidly carry the distilled products away from the hot zone where 
they are generated. The greater part of these gases, without. being cooled, 
passes through the exchanger, thereby increasing in temperature by heat ex-~ 
change with the gaseous products of combustion, and go through this apparatus 
and back to the distillation compartment, and follow this elosed cycle indef- 
initely. The excess vapors being circulated are removed from the cycle ahead 
of the exchanger and sent to the condensation Beane This excess represents * 
the effective production. me ig. PA oe 

The Grande Paroisse retort is the foremost installation of its type, ow- 
ing to its high production capacity and its ease of operation - a 500-metric- 
ton-per-dey (550 short tons per day) oven only requires an installation hav- 
ing a 2.2 by 22 m. (7.2 by 72.2 feet) base and being 17 m. (55.7 feet) high. 
The retort is constructed entirely OF meta and is very ene res Maintenance 
costs are low. 


Distillation gases are not diluted, and the portion recycled is not 
cooled; condensation apparatus and water are used to a minimum, as they need 
only treat the 25 to 50 cubic meters of gas that is the average yield per 
metric ton of shale (900 cubic feet at 60° wa oe inches Hite, eerareres? a 
short ton). | : 


Owing to the low vote of gas to be treated, removal of penzine is mai 
easier and the yield is improved. 


The consumption of heat energy (calories) per metric. ton of shale is 
lower than 250,000 RB s- Calories, (902, 000 B.t.u. per short ton), consequently, 
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oy thermal yield is 55 to 69 percent. Regarding the total page as soon 

s forried the distiiletion products are swept out of the 430° C. to 460° C 
eae. where tney originete by means or the horizontal gaseous current. Thus, 
there is very little .chence of immediate degradation. .The question nas been 
raised, however, wnether or not the recycling of gases, whereby unstable 
prodicts are brought back into the reheater where the temperature is high, 
Tavors cracking. Analytical results seem to indicate that it does not. 


Finally, the yicld in oil amounts to at least 95 percent of the Fischer 
assay retort test, 


Kiviolt. tunne? oven, - Figures 15, 16, and 17 are different views of 
the ern tunnel.oven. In common with the Grande Paroisse retort, the 
Kivioli oven utilizes the gas from distillation as the heat vehicle between 
the source of heat and the shele to be heeted. It was designed to overcome 
difficulties resulting from the caking tendencies of the Fstonian kukersites. 
The shale circulates through the interior of a horizontal retort in small 
cars without Poe enOns hence the name "tunnel" oven Given to this 
installation. 


To treat 400 metric tons (440 short tons) per day, the cylindrical re- 
tort forming the tunnel hag to pe 53 m. (174 feet) long and 2m. (6.56 feet) 
in diameter. It is divided into three successive cones - drying, distilla- 
tion, and quenching - separated into sections by double sliding doors, which 
prevent passage of the gas from one zone to another. These sections are ven- 
tilated to prevent formation of explosive mixtures resulting from accidental 
ingress of air. The dsengcr is srall, however, as the retort operntes under 
a pressure of 150 mm. water, equivalent to 5.9 inches. Each car carries 2.2 
metric tons (2.42 short tons) of shale in walirut-size pieces, the thickness 
of the layer thus being about 900 m. (35.4 inches). The oven contains 17 
such cars - 3 in the drying zone, 12 in the distillation zone, and 2 in the 
cooling and quenching zone. The cars are moved every & minutes; consequently, 
the shale will romain /6 minutes in the distillation zone of the oven. 


Each displacement places one car above the heating-gas opening. This 
heating gas travels perpendicularly through the shale and escapes immediately 
through an orifice diametrically opposite, sweeping with it either the drying 
vapors or the products of distillation. 


Drying is carried out by recycling after rcheating the steam obt toined 
from the 5 to G percent moisture present in the crude shale. Vapors are cir- 
culated by a fan. The vapors first pass through an externally heated tubular 
Superheater, then through the drying section, which the gases enter from the 
top and from which they are removed, rich in vapors, at the bottom. The vapor 
excess is evacuated into the atmosphere, which thus cuts down the load on the 
oil-condensation installation. There are three parallel circuits, each cor- 
responding to a car. 


In the distillation zone, by a similar vrocess, the gases heated in an 
externally heated superheater-oven, circulated by a fan, passed through the 
retort from bottom to top and promoted pyrolysis of the shale, immediately 
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18. DIAGRAMMATIG SECTIONAL VIEW OF 


FIG. 


A PUMPHERSTON RETORT. 
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carrying away the distillation products. Before closing the cycle by send- 
ing the vapors back to the superheater, the excess gas is removed and sent 
to the condensation plant ror recovery of valuable products. Many parallel 
circuits of cars may be under treatment. | 3 | 


The gas-inlet temperature in the retort is distributed from 350° to 
475° C., according to the circuit under consideration. The outlet tempera- 
tures are 175° to 450° C. In the third zone the shale is cooled by sprink- 
ling with water before removal. Heat is produced in the central furnace, 
vhere shale pieces less than 10 mm. (0.4 inch) in size are being burned. A 
combustion chamber placed beside this furnace is used to burn noncondensable . 
gases, The gaseous nroducts of combustion, which have a temperature of 
1,600 C., are partly diluted by those used for heating the oven so as to 
lower their temperature to 950° C. The mixture furnished the necessary heat. 
first to the distillation chamber and tken to the drying-section superheaters. 
At the end of the circuit, the gas temperatures are reduced to 250° Cc. but 
can still be used for an exterior predrying of the shale, which lowers their 
temperature to 75° to 100° Cc, | - | | | 


The yield of the Kivioli oven is 94 to 99 percent of the Fischer assay 
yield, However, its upkeep is costly owing to its complex mechanical con- 
struction. In practice it operates only 20 days per month, the other 10 days 
being used for repairs. It is well designed for the treatment of the kuker- 
sites, however, which are difficult ‘to handle. — ee : 


e. Mixed internal and external heating ovens or retorts 


This type of oven is represented by the various Scotch retorts , which 
have been favored for a long time by industry before the competition by the 
new internal heating ovens. : | 


Pumpherston retort. - This retort, which is the classical Scottish type, 
is the oldest retort used in the shale: industry, not only in Scotland, where 
it originated, but also in France, where this type, continuously improved, 
has been used for a long time in the Autun plant of the Ste. Miniere des 


pales Bitumineux. Figure 18 is a diagremmatic sectional view of a Pumher- 
On retort, : 


eS on Se \ 


The Pmpherston retort consistd ‘essentially of two distinct and super- 

mposed sections: (1) A low-temperature distillation section consisting of 

iso weced Cast-iron retort A, in which the shale temperature is raised to 

20" to 550° ¢, and where the actual distillation is carried out, and (2) a. 

ee section consisting of a refractory-brick vertical retort, B 4 in 

: . the fixeg cerbon is gasified at a temperature that may reach 1,000~ C. 
“ans of steam and air, with the production of ammonia. 


Soth sections form a vertical oven 18 m. (59 feet) high, including the 


Cast- | 
Iron retort A, which is slightly conical, 4.5 m. (14.7 feet) high, and. 
fe (2.3 feet) average diameter; the refractory brick retort B, which is 
lene ey conical, 5.5 m. (18 feet) high, and 0.5 m. (1.6 feet) average 
*T; a loading screen, C; and an unloading screen, D. 
873 57 - 
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Heating is partly exterral. Gases produced in the retort burn in open- 
ings E, surrounding the coven; the vapors are evacuated on the outside. 


For the extra heat, linited internal combustion is carried out by in- 
jecting a certain quantity of steam and air at tne base of the refractory re- 
tort, Ff. The mixture cf steem and air pessing through the oven zone, which 
functions as a producer, reacts witn the fixed carbon of tne residue and pro- 
duces water gas, The gas stream continues its upward nath in the cast-iron 
retort through the mass of the shale being; distilled, supplying additional 
heat, end; through its hydrogen content, contributes to the transformation 
of the greater part o. tne nitrogen into ammonia. 


The retorts are set in crovps of four, and a battery includes 40 retorts. 
The length of passage ci a charge is 56 hours. Throughput of each retort is 
thus 5,5 to 4 metric tons (3.8 to 4.4 short tons) per 24: hours; it can be in- 
creased to 6 and even 10 metric tons (6.6 to ll. shcrt tons) per 24 hours by 
careful injection cf steam and air. However, the Pumpherston oven through- 
put is low compared to its size. Tt is cumbersome and requires a large ini- 
tial investment. It is only suitable for the treatment of fairly large 
pieces, Fines distill poorly, lowcr the yicld, and vacilitate cracking. 
However, its construction is simple and sturq’ and its oreration is easy. The 
yield is 85 to 90 percent of the Fischer assay yieli, anc the thermal balance 
recently has been improved by the use of stack gases for the production of 
steam. Finally, it allows the recovery, as ammonium sulfate, of 60 percent 
of the nitrogen presont in tne chale, which aacunts to about le to 15 kg. of 
ammonium sulfate per metric ton (27 pounds: per short ton) of shale. It is 
not suitable for treatin; cither very poor or very rich shales, but it is 
best adapted to the pyrolysis o1 shales of average oil content. 


This concludes the translated French ronort, 


The Pumpherston retort, which was used for years without internal heat- 
ing through the introduction of air into the shale being processed, is typi- 
Cal of externally heated retorts; this class of retort has not been separate- 
ly considered in the foregoing, | 


SHALE DEVELOPMENTS IN ESTONIA 
GERMAN-ESTONIAN SHALE-OIL PRODUCTION 


According to captured documents, the Germans became seriously interested 
in Estonian shale-oil recovery early in 1942. It appears that their inabil- 
ity to capture the Russian oil fields was already apparent to them, and that 
development sage aera where by heat treatment the oil shale yields as much 
as 20 percent of oil, might be of great importance to them. It soon became 
imperative that the Estonian deposits be exploited to supply the German mili- 
tary requirements. For this purpose, German technologists were called on to 
plan a course of action. Tney recognized thet difficulties had to be over- 
come, put in view of the hich oil yield (20 percent) that could be obtained 
from Estonian shale, it wes considered that the annual production of oil 
fran that source shculd be at the rate of 200,000 metric tons (220,400 short 
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tons) by the end of 1942, 370,000 metric tons (407,700 short tons) by the end 
of 1943, and 560,CO00 to 600,000 metric tons (635,000 short tons) by the end 
of 1944, It was considered that the works at Jarve should contribute about 
210,000 metric tons, A metric ton (2,200 pounds) of free shale was said to 
cost 3 to 4 Reichamarks, and the fuel oil could be sold for 51 Reichsmarks per 
metric ton ($20.40, based on a 40-cent mark). 


Data available at that time were not reliable as to gas composition but 


seemed to be more dependable in respect to product distribution. The follow- 
ing products were considered to be obtainable from shale oil: 


Percent by volume 


BENZ INC ub 46% SWC oe keene wees L200 
TRACTOR TC lesd-cesosdelewn wees 4.0 
Diesel fuel (middle o11).. sec 27.0 
Heating oil (fuel o11)......00. 57.0 
Dl GUM GCI lea esaes os e408 40 seekers L<5 
ODS Ss 4.5 6a boise wooed Rose Soe ee” 

| 100.0 


Until that time, only about 10 percent benzine had been separated, as 
well as small amounts of bitumen, so that almost the entire bulk had been ree 
covered aS fuel oil, The latter, of course, contained a large emount of 
asphalt. 


The recovered benzine (boiling range not well established at that time) 
contained 62 percent of unsaturates and had a very good Imock rating. The 
Diesel-oil fraction contained about 50 percent of unsaturates and was used as 
power fuel in Estonia. The German Navy apparently had contracted to purchase 
about 200,000 to 250,000 metric tons (220,000 to 275,000 short tons) per year 
of fuel oil and would take additional amounts when available, The asphalt, 
it was believed, could be used for roads in the Baltic States as well as for 
the manufacture of. electrode carbons, 


At a subsequent meeting of the German technologists, plans for future 
development of the Estonian shale by the Germans were outlined in much greater 
detail; they included the folicwing: 


Plant Capacity 


When the plant+expansion program was completed, the annual capacity for 
producing . shale oil was to be 590,000 metric tons (649,000 short tons) per 
year. In the final plan, this single plant group (six plants) was referred 
to as Plant No. 1, Details are given later on in this paper. According to 
information otherwise obtained, the final and complete plans were much more 
extensive and included provisions for future annual production of an addition- 
al million metric tons, or a total of about 1.5 million metric tons (1.65 
miilion short tons), 
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Until that tine, the Pintsch generator (retort) haa a capacity of 35 to 
LO metric tons (30.5 to 44 short tons) of shale ver Gay. A lOC-metric ton 
(110-short ton) unit was to be tested in Works 4 (Kechtle) in the srring of 
1945. It was olanned to use the larger tnits in Works 6. Such a unit gener- 
ates 650 cubic meters of gas per metric ton (22,340 cubic feet per short ton, 
at 60° F., 50 inches Hg., setureted) cf shale. The principal disadvanteges 
of the Pintsch retort are the destruction of valuable byproducts such as ben-= 
zine, £23 oil, Hos, acevone, etc., and the large volumes of gas to be handled. 


The tunnel ovens were first built in units of 200 to 250 metric tons 
(220 to 275 short tons) cavacity per cay and later in units of 400 metric tms 
(440 short tons)~per tay capacity. Gas production is only 25 cubic meters 
pes metric ton (657 cubic feet at 60° F., 30 inches Le., saturated, per short 
ton) of shale. The recovery of veluablo byproducts trom such smell volumes 
of gas is quite casy. It was planned to use both tynes of ovens (three 
Pintsch retorts for cach of the tunnel ovens instalicd, so thet half of the 
production would be from each type) whereby the tuunel cvens would ve heated 
by gas from the Pintsch retorts. This would ‘save the heating oil previously 
used in heating tite tunnel ovens. 
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Some of the technologists favored building only tunnel ovens for reasons 
based upon the above objections to the Pintsch retert, as well as (after sur- 
mounting the verious technical cifficulties) because Of the possibility of 

replacing the heavy oil by heating the ovens with shale or shale generator 


Base 


owing to lack of technical data, 


Plant 2.. 


Following is a comparison of the oven systems, 


No agreement was reached at that time among the technologists concerned, 
Both oven systems were to be installed in 


Comparison of oven systems, Pintsch retorts 


icons short tons shale 


per GAY sovcccccvcacvcccecnes 


Heating FUCLrececcecccvvccess 


Products: 
Benzine& sees eoecsccocccoocse 
Middle oi12 ay? 

Heavy ol Ceoeecegneccenecse 
Asphalt and pitch?) ..... eee 


SP ee eee eee tee ee 


Gas o11°/from stabilization. 

Gas oil from pyrolysis 2asee. 

Pyrolysis gas, cubic meters 
per metric ton of shale 
(cubic feet per short ton of 
shale, 60° F,, 30 inches 
H&e, saturated) sepeecceccees 

Benzine hydrocarbons in 
heating gas, grams per 

| CUDIC Meter eesescercvccecess 

(pounds per 1,000 cubic 


OEE at vase eaten acon 


Moisture content of original 
material, DErcentececooe coon 


Carbonization waters: 
Ratio of crude oil to water 


Water& CODEC HA OL OCR EOE LOCO DO 
Reaction of the water, eoeee 


Phenol content of the water 


Present, 35-44; 
planned, 110 


Own gas(excess) 


20 
(1.16) 


At the mine: 
10-12 


Strongly acid 
with HCl, HoS0), 
Unio 


With fuel-oil 


OA EE ee ee ee 0 oN + ee em men ee 


Tunnel ovens 
With Pintsch 
retort gas 


heating heating 
WhO Hho 
Heavy oil Own gas plus 


17 to 20 percent|excess 
of the crude o1i1|Pintsch gas 


29 29 
46 6 
)fuel 61 © 
85 )oil 59 
160 » 195 
5 Led 
2.0 _— 
eee) 2-25 
(755-860) =| (755-860) 
10 10 
(.58) (.58) 
As used, 6 
1 to 0,30 
50 
Weakly acid 
Unknown > 


a/ Kilograms per metric ton.of shale or pounds per 1,000 pounds, 
b/ Can be recovered; not done at that time, 
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| I.C. 7348 
Product Refining and Properties of the Products 


The first primitive "work-up" consisted in sevarating an automobile fuel 
(fraction up to 200° C.), the remainder being used as fuel oil. At Kivioli, 
where tunnel ovens are employed, a careful fractional condensation and gas 
washing for better penzine yields was carried out. This system called for a 
thoroughly modern product work-up. 


In the newly planned exnanded Works 6 there were to be centralized facil- 
ities for benzine refining. 

Flow diagrams showing the yields and sevaration of products from shale 
oil as produced in the Pintsch and tunnel ovens are shown in figures 19 and 
20. | 


Results of the exaniination of the ‘products were as rollows: 
Data on the properties of the oil and treatment of the benzine 
1. Acid content of oil. 


Hot-water extraction. Oil from Pintsch ovens (without heavy oil): 


Used 1.14 mg. of KOH per gram of oil for neutralization of HoSQ),. 
sed 0.70 mg. of KOH per gram of oil for neutralization of HCl. 

Neutralization value after Ho0 extraction was 1.3 mg. of KOH. 

Saponification value after Hj0 extraction was 1.6 mg. of KOH. 


Oil from tunnel ovens (Without light oi] and benzine): 


Used 0.06 mg. of KOH for neutralizing mineral acids. 
Neutralization number was 3.9. 
Saponification nvimbor was 19.5, 


2. Benzine refining. 


Benzine from the tunnel-ovens has a neutralization number cf 64-66 before 
refining. The present Hos0, refining method must be changed, according to 
Dr. Winkler. ‘He was thinking, for instance, of the Rostin method (benzine 
vapor over Fe-Cu catalyst). Works 6 will later be-the centralized benzine 
refinery. — _ 
enerator oil.. 


Pintsch | 233 
. (2.2-pound) sample at Leuna 


Results of research on l-k 


DENSItY. cseceseedogeseserers 0.978 - 
Flash DOING <5 os di wie-e6 we calereeers 63° Ce 


tngler distillation: - 
Teuperature, °C. 98 150 200 220 2h0 260 260 300- 320 340 360 


Percent off by volume 2.6 7.4 12.2 15.4 19.6 24.5 27.2 35.4 42.8 57.8 
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I.C. 7248 
Distillation with a 30-centimeter (11.3-inch) colwm: 


Senzine to 200° GC, Above 200° C, Water Loss 


O05. * - 89.6. 2. 2.017. 0.55 percent by weight 


Elementary analysis: | 
| Percent 
CarpOnvs~sseesieseeewe, YOlLsOD-* 
HyYGrOCCN cisecsesersee “20205 


Nitrogensecsccccscecsese 0.40 
OlLET ie eae eo See Ge ee ore ised 20 
33.50 


Dissolved Water, PEVCENL. rc ecoscceverccvesrerrsesoseseesecssceseserves 
Treatment with 15 percent NaOH showed, percent by weight of acidity... 
Treatment with 10 percent Nagt0; snowed; percent by weight of acidity. 
Hard asphalt content, percent DY WEL GhT.ccccocccscccerecevererescsetes 
Soft asphalt content, percent Dy Welghtecrccecerscrevcecervsesersscves 
Benzine, up to 200° oe percent by WEL Gb ceeerererecesecerceccerseees 


Engler distillation ot benzine Peactson: 


Temperature, °C. 98110 120 130 140 150 160 170 180 190 200 


UW 


WOO kKUOC 
e e 
HOUR BRA 

ONIN ON 


TS 
Ne 


Percent off by volume 0.5 2.07.0 30 4755.5 70 83 9298.5 1.1 


DENSIbYerccccorcceccceccsescscescdapjeccescerevessscesesecesecoserscee | 
Aniline point, 9 Crccceccccccccccccccsvcvssssevsvseseecresssececeencs 
Olefines and aromaticd, DELCENececesscccccecccesncccssavensesssccoes 
Olef ines Abr. Nos). DOr CCnt sé sc aise 4 waa Snore s OS eee wets tGeee tease 8aies 
Residue from vaporizavion in a E€laSS GiSh, Mosccveerecccesscvssccseses 


Ravid darkening after distillation. 


Oil boiling above 200° c, 


—- |OJafines 
| Pour and 
| point, aromatics, | Olefines, 
(| , | percent 
Residue at 200% C, (original)ecseece | iO - - 
Fraction 200°-250° C. (vac, dist. )es -h8 73 60 
250°=300° Cc. ( " yee | -28 80 13 


00°-3509 c, ( " Ws eee el ae = OU 76 


Gas oil: (per year): : 7 ; 
Metric tons Short tons- 
Works leeceee 16k, 000 180, G0 , 


Works 3eeeee, . 165,000 181,500 
Works 6eccce, 210, 0CO 231,000 
Tot@leeee. . 539,000 .592,900 oil 
from 2,700,000 2 »970,000 shale 
or ~ 3KO: 474 per hour. 
873 2 6li< 


Google 


Percent 
of 
crude oil 


by weight 


I.C. 7348 


The amount of Cz - C), hydrocarbons in gas from the tunnel ovens (permanent 


gas including top gas) is equivalent to 14,000 metric tons (15,400 short tons) 
ver year. 


Byproducts: 
(a) Gas oil. 


Analyses, carried out in London, of the permanent eas (including top gas) 
as well as that of the top gos alone were used as bases to obtain an idea of 
the amount of gas oil that may be recovered. No analysis was available of 
the very dilute Pintsch oven gas. In view of the very small production capa- 
cities for liquefied gas from each individual plant, the three largest works, 
1, 3, amd 6, were considered in common. These should produce 539,000 metric 
tons (593,000 short tons) of oil from 2,700,C00 metric tons (2,970,000 short 
tons) of shale per year. From the planned combination it was anticipated 
that the permanent gas (including top gas) from the tunnel ovens would yield 
a total amount of Cz and Cy hydrocarbons equal to 14,000 metric tons (15,400 
short tons) ver year without including the stabilization gas. Jt was further 
anticipated that Works 3 and 4 would yield an additional 3,000 metric tons 
(3,300 short tons) of Cz and Cy hydrocarbons from the stabilization of the 
gas from both oven systems. 


If the liquefied gas was obtained only from the concentrated top gas and 
stabilizer gas, the above 17,000 metric tons (18,700 short tons) would have 
to be reduced to 2,750 + 5,000 = 5,750 metric tons per year (3,030 + 3,500 = 
6,330 short tons per year). 


If tne plants consisted only of tunnel ovens, these Cz and Cy hydrocar-_ 
bon totels would be increased by about 52,000 metric tons (35,200. short tons) 


per year, that is, by 10,000 metric tons (11, 000 short vane) in the top gas 
and stabilizer gas. 


Fifty to sixty percent of the Cz - Cy, hydrocarbons are olefines (see 
analyses). These can be converted to polymerbenzine. It is also possible to 
recover all these oreeane ny eracee none in the order of magnitude present in 
the original raterial. 


Thus, from a 100-metric ton (110-short ton) tunnel-oven installation an 
additional 0.5 metric ton (0.55 short ton) ae and about the same 
amount of bottle gas can be obtained. . 


(vo) Acetone could be obtained from the carbonization water from tunnel 
ovens at Kivioli. If the primitive purification methods described for obtain- 
ing puxe acetone were efficient, the planned oven combination should yield 
a 150 metric tons (165 short tons) of acetone per year (containing about 

0.05 percent of the crude oil) from the tunnel ovens, Pintsch-oven carboniza- 
tion waters (condensates) arc generally poor in acetone content. There should 
also be recovered 150 metric tons (165 short tons) per year of C), = Cs ketones 
(called buton) and’ 75 metric tons (82.5 short tons) per year of higher ketone 
vils, Not included but fairly large amounts of acetone should also be found 
in the calcium chloride solutions used for cooling the tunnel-carbonization 
gases. If the planned 590,000 metric tons (649,000 short tons) of oil were 
obtained by tunnel ovens, then the above acetone figure must be doubled. 
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(c) Phenols can ve obtained in benzine refining (saturation of the NaOH 
sulution with COs), These consist of 40 percent cresols, 60 percent xylendls, 
but no carbolic acid. The total amount recoverable should be 250 to 400 
metric tons (275 to 3550 short tons) per year (0.3 to 0.4 percent of the crude 
benzine). The phencl content of the sewage has not been determined but should 
be small. 


The flow diagrams for Works 1 and 4 are shown in figures 21 and 22, 


The construction of additional facilities for extraction of shale oil 
in Estonia was greatly retarded and (until the spring of 1943) no additional 
technical data were obtained, with the exception of analyses and inspections. 
These analyses were carried out ‘on larger.samples furnished by the Estonian 
firm. German technicians visited the installations in November 1942 and 
made a fairly comprehensive report. ‘The analyses revcrted on Cctober 13, 
1942, were carried out on larger samples and are probably more accurate. The 
results are tabulased below: 


PROPERTIUS OF STONIAN SHALE OIL I (FROM THE PINTSCH GHIZERATOR ) 
Original sample: 


DENSity.ccecocsecccecees MEQ eeeve@eaeeeenvaeee eoeteeoeveen1eeee @ C.978 
A.P. (cannot be determined; too dark) 
Flash pPoarnu, TNC cditaaece swe cen dead eure see esse we Oo 


Engler distiilation: 


Temperature, °C. 98 


150 200 220 240 260 280 300 420 340 360 
Percent off by volume 2.5 


7-4 12.2 15.4 19.6 24.5 27.2 55.4 42,8 57.8 


Distillation in a 5C om. (11.6 inch) colum: 
Benzine Residue 
(to 2c0"G.) above 200°C. HoO0 Loss 
Percent by weight..... 9.15 €9.60 0.70 0.55 


Elementary analysis: 
Fercent 
Calvo teswcaseweeeeeeseees. ~“OlioD 
TV GOR CT we ee Wace w:6 See ies ier 1Os05 


Nitrogen. @®eeoveeve0ee70808086 40 
DU? Ai 642 Gace eh awe @ Siewlerats 1,20 
95-90 


Dissolved water, DOrCen ishwseaieeaeetsueieeeeeeseseseeriaweeserew 0270 
Acid oils (with 15 percent NaCH), percent by weight...cvcsescecececes Delt 
Acid oils (with 10. percent NacCOz), PCYCENU: DY WEEN iscitwewees eee as Leds 
(Note that acid-oils content is identical with the previously reported 
results. ) 
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tal Thro ut of le 2 Short Tons Per 


All data is given on a basis of 1 days production. The wits are short tons 


except as otherwise noted. 


SHALE 


8 Pintsch Generators 


6 Tunnel Ovens 


Gas Washing 
Fresh Wash 011 38.6 
Bengine in Gas 22 
Gas 


= aw 


Shale 1845 Retorts. 

Crade Oil Shale 661 if 
m. recovered 389 Crude 0i1 Si 
° recovered 127 io} 
: % 
r \ 7 
il. 

Pad (ibs Condensation De tomiza- Condensation 
o $ Atomized 0il 27.5 tion of = 
= f Heavy 0il Oil 3 

3] +> 

or 
bo -y 
: i Crude ee 
uN 
2 0il 4 
° “i 
2] 
g 8 
: E 
bf ® 
a) 


Rich Gas, 1 


PET pensine in Gas 
Gas 


Te 


Benzine Stabilization 
Crude Benzine 117.2 


Oil Distillation 
‘Benzine 49.5 
Wash O11: 

Tunnel Oven 38.6 
Pintsch Retort 27.5 
Vacuum Distillation 
Middle Oil 6.6 
Fuel Oi] 165 
Piteh 149 


Crude A 
Benzine 


from 
Works 3 


Motor petrol 
Residue 


Paving Asphalt Plants 


Fig. 21. ~— Flow diagram of Works No. 1 (Kivioli), treating shale 
by both the tunnel ovens and the Pintsch retorts. 
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IT.C. 7348 


Distillation in a column 1 neter (59.37 inches) long: . 


| | | Percent by volume 
Water. @eeeesegeeeaeseeese0e0e828680e2028806680 aD 
@) 


Benzine up to 200° Coreeeeeeee qe 
Fraction | (vacuum dist.): mc 1 
200-250 Coveameecwecaneas oue 
P50 3500. Costiesiueesccuss-. . . 625 
OO 500. C bvera cuaanns 9.6 
500 2200" CAeiacecsenetos _., 9.9 
Total distillate...ssscos 0.7 

HES CUE 66:4 ae w oe. oS ew aw eee howe ‘ 57 
Gas and LOSS. ccscecvceverecee eC 


: © 


100.0 


Properties of the benzine fraction distilling up to 200° C.: 


DONS IL Yes scie-s Gesuieehee corde eda Gemneauceseegeenee seine: ) 
A.P., OG atid erles edvatigeie asa Gee onc gold canara oe aah a na een eens bah, Gree ott ae ied +8, 
Olefines and aromatics (100 percent H,S0),), percent....... 75 
BrOMIne NOwscerececssacccsvevercovssceveresecvsssesescvees ites 
Todine=thiocyandeen. NO<.cds.bsdw secs cide vue es oo cee eees ceewe OD 
OLel ines» Der cen dct ween wsuse Chess oaerereveeeenieseene DO 
Glass di sa: purl resides Meade atnis da user deeueeewaseeeeew, DO 
AGidvoils. percent: by Welpnt.cactishisScekaeusieeueawsesen, s47 


Engler distillation: 


Temperature, °C. 93 120 140 160 130 200 Residue 
Percent off by volume 2.06 50.0 55.5 683.0 98.5 pe 


NO 


The benzine is brownish-red. 
Elementary analysis: 


Percent 


“SC aD On i. ain aew oreb wre othe as OL .18 
Hd VOROM cicess.¢ dee ow new eeces ¥ 12.65 


Sulfur... ea Eta ee eee as 1.4 
; 98.30 
Properties of fractions over 200° C.: 


Aromatics | 
Fraction: | | and : Iodine- 
A = HES coe 


olefines, | Bromine | thiocyanogen 
Cc; percent No. No. 
C002 90 is. se Seeewes 
29 Ch» 0 tere ere ere 
J0D=3 50 wv wcccces 


Splice rere 
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Some of the crude oil was topped at 200° C. and freed from phenols and 
esphaits by diluting with a Light benzine and shaking with caustic-soda solu- 
tion. An oil boiling above 200° C. can be separated from the crude to the 
extent of 45 percent by distillation; consequently, if the 10-percent benzine 
is included, about 55 percent of the exude oil can be recovered. 


Properties of the phenol and asphalt-free peacedicn. 200°-400° ¢ Css 


DEnSLitYs.ccccccsecsesvcesseee eA). Pee ee C 

Pour point, WiC eh at aranuade en cisey soa glen tsa nine eae kaess 9c 

Olefines and arometics, DEYCONU 6 o.6<.wvise's 6 stab wee we bee ee 85.4 
44.3 


Bronine NOesacecerecicccecciccercscesescarnvsseseresecece 


Engler distillation: © 


Temperature, ° C. 218 240 280 300 40 
Percent off by volume 9.0 50.0 58.0 55.C 7 


Se CO oo 44065 Residue 
6.0 91.0 97.0 2.6 


PROPERTIES OF ESTONIAN SHALE OIL II (FRO! TUNNEL RETORTS) 


Original -sample: 


~ 


HODE LUT Siginceiecine reese eA peeetienas teeesrarianinnsertiens 0.950 
Engler distillation: 


Temperature, °C. "150 140 160 180 200 220 2h0 260 280 
Percent off by volume 0.1 6.15 2 h 7 10 124.3 18.4 2h 


Temperature, ° C. 500 «320 340 = 360 365-3570 - Residue 
Percent off by volume 29.2 36.4 48 63.4 76.5 86.1 Solid 


A.P. too dark tc determine. 

Biaeie ott, <6 wicks uae dain nassau a tensenen a hoees 89 
Water content, percent cccssocasccccccsscvseccsoceseseee 1.91.95 
Acid oils with 15 percent NaOH, percent by weight...... 143195 
Acid oils with 10 percent Naol0z, percent by weight.... 1.275 
AOid/ an wa Ver. PEY CEN +4 dcns se see was ees oaeew ness esos 318 
Olefines and aromatics (100 percent H,S0),), percent... 96.2 
Bromine No.(abourt 36 percent olefines when mol. weight 


is POON ocecch ssw ee kcth ewe usees S546 ecu eeieewand c 


59 
Hard asphalt, Percenterccoccccceccsercovessccrsaseccres 8.11 


Elementary analysis: 


Percent 
CaP OOn s s:é.0w.84 oeew eee ea cee 2.00 
HVAT OLCHG csc c means eeee ees 9.90 
Ni CROCE cheese ws cae 0.56 
SUE Ur ocare esata ovate ee see ee ee 1,03 

95251. 
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Fractionation of the shale oil gave: 


Percent 
NAUEDS eine hehe deen eteagie erat ee ee eit 2 
Benwine to 200°? “Co Suw sowie: es-dsaedeee we LO 


re (2009-450° C., vacuum dist.)e.e... 45 
9 SE ROA 38 


ae eoeeteoeee oes eeeeeerercseveeaeareene® y) 


Seema mS REL GNC TET TAD ANY IETS IGE BOT INNES TT IEEE ELECT TCS ESEED 

a/ Still contains oil that was not distilled 
to decomposition. 

b/ The high loss figure is due to the asphaltic 
residue, which could not te entirely 
collected. 


ote SOe 


The 200° to 430° C. fraction was distilled in vacuum and further frac- 
tionated. A fraction boiling between 230° and 340° C. (26 percent by volume 
of the charge) and anobher boiling at 200° to 500° is were. especially. studied. 


Properties of kenzine, fraction up to 200° C.: 


DeNBitYecacerccccvcerssecrssesessdipeeccsesesevessvcrsscvsvescce 0.759 


A.P., Cb: Seebeck dw tu eet ta le Soece Wile eS kk We os ww Ss aw we oe ee ele ee +27 .1 
Bromine Noscercccccrcccccrccccvccaccesccevesevesevesesesesesece CDeT 
Aromatics and olefines (24 percent olefines when mol. weight 

is assumed to be 140), percentsrcccccccecccevesecccorsceccsers 5909 


Acid oils, POLCENE ec veneccevecenesvcscsccssresevesecessessssece 0.132 


Engler distillation: 


Temperature, °C. 7+ 100 120 140 160 180 ‘190 210 Residue 
Percent off by Yolume 15.5 49. 5 TisD: Sled: 90.5 95. 5 96.0 1.4 


Flementary analysis: 
Percent 
Carbonsecsscccscceccecses  ObeTD 
HydrOCenss sc eceetiewceees ¢ 15544 
“INS CORED peep oi 0'wh oop wees oll 
SULT US 5 pos ah pio bape wer eeteres 90 


99,20. 
Properties of the fraction 230° to 340° Cc. 
26 percent by volume of original sample): 
Densit ccc rec ecccccvcecccec scene cececes BPeveoveeveveeoe ese 0. 917 
A.P., Or ae +29 .9 
Aromatics and olefineS, percent. .coccscscccorseccecerccesee 66.2 
Bromine NY Ove atare ere ke Wa e-b obi or are 7e 60 SS WS OOO. Swe Owe he wee oe 27.3 


Todine-thiocyanogen IO b:oite-s 6 eiete Wwe Wale eee See oe lw ae ee See Sec 6 37.8 
Acid oils, PEF CENF. ccccaccesccvv eves reves ereresreesevessece 10.4 
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IC. 7348 
- Engler distillation: 


Temperature, °C, 252 260 280 360 320 350 339 Residue 
Percent off by volume 3.0 31.5 €7.0 81.0 &5.0 92 SP 


Elementary analysis: ~~" 
“Percent 
CArDONs sain csaetene cacnes. “O4eT 
HyArogeneseeeeseceteeeeee 11.20 


“2 * © 5 4 


fe a SIND gee 
An average molecular weight of 210 is equivalent to 36 percent olefines. 


Properties of fraction 200° to 300° C.: 


Densit @ee@ae @eeseeoseeeaeoseeoaeeeaeseereeos e@eeegeaeevpeeeenensenvnevnvneg8s ed 0.802 
A.P., pale He Nee Asante aleealens aecpeeeneta —+36.3 
Bromine. MOwra-seaie ws Sop 666s 6040160460 sO Ce Fee eee aeeewe 39.0 
Aromatics and olefines (1CO percent H,50,), percent.... 52.7 
Acid oils, PELCENC 0666.4 6:6 60 660g No 45.6600 6o ewe eee ad 05 


won 
. e@ ae,. , 


Engler distillation: .. .,. or Whe ot - 
Temperature, °C. 208 “220 ‘2ho’ 260 ‘280 293 Residue ! 
Percent off by volume 3.5 39° 81° 94 ° O7.5° See * 


Elementary enalysis: . 
‘Pércent 
Cat DOM o'6:66seb0 wos 68 ee eevee 54C 
HYCO 4-46 daep-a be adccrene @enee 12.27 
TAtLOWENscevececsctcesscces 14 
‘ ; PULLUP eo cccccavecevccsovcvece 688 


Properties of fraction 200° to 300° C. efter washing 


with 20 percent HoS0, and 15 percent NaOH solutions: 


Densit: er re ee 0,846 
A. Rey 7a Ri Re ama a aOR Bari a: HO centage +30.1 
Bromine NGdpewewswisenere eee beeen wets obese oedac seaae eases 23.0 
Aromatics and olefines (100 percent H5S0),), percent..... 50.1 


Engler distillation: 


250 260 270 280 288 Residue 


eho 
0 °63.0 79.0 '8F.0-94.0- 98.5 °° 1.3 


2 
DD 


Temperature, °C...220 2% 
Percent off by volume &, 


Elementary analysiss. ae ee 
| . i Wie Ss BG. tees Miglin & o Ghd FE ORCEML. ; 
‘ CEXDONG6 444.66 sew sie we keceaw ee Dot 
SHydVOLCN wees ee swkwssaeeeuwsxsrs 1es09 
SULT UP scares eweweeeeseus, a.eO7 


99. 59.04 
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